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A.3 OKCC Study Area: Custer County (Oklahoma) 

Figure A - 4: Map of OKCC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area is entirely contained within Custer County, Texas, and includes the Weatherford 
wind facility, which is situated  near the city of Weatherford, 70 miles due west of Oklahoma 
City and near the western edge of the state.  The 98 turbine (147 MW) Weatherford wind facility 
straddles Highway 40, which runs East-West, and U.S. County Route 54, which runs North-
South, creating an “L” shape that is more than six miles long and six miles wide.  Development 
began in 2004, and was completed in two phases ending in 2006.  The turbines are some of the 
largest in the sample, with a hub height of 262 feet.  The topography of the study area is mostly 
flat plateau, allowing the turbines to be visible from many parts of the town and the surrounding 
rural lands.  There are a number of smaller groupings of homes that are situated to the North and 
South of the city, many of which are extremely close to the turbines and have dramatic views of 
them.  
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Data Collection and Summary 
County Assessor Debbie Collins and mapping specialist Karen Owen were extremely helpful in 
gathering data and answering questions at the county level.  Data were obtained directly from the 
county and from Visual Lease Services, Inc and OKAssessor, where representatives Chris Mask, 
Terry Wood, Tracy Leniger, and Heather Brown helped with the request.   
 
All valid single-family residential transactions within five miles of the nearest wind turbine and 
occurring between July 1996 and June 2007 were included in the dataset, resulting in 1,113 
sales.107  These sales ranged in price from $11,000 to $468,000, with a mean of $100,445.  
Because of the relatively recent construction of the facility, 58% of the sales (n = 637) occurred 
before construction, leaving 476 sales with possible views of the turbines.  Of those 476 sales, 25 
had more-dramatic view ratings than MINOR and 17 sales occurred inside of one mile.   
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

7/7/1996 6/29/2007 1,113 $91,000 $100,445 $11,000 $468,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Weatherford Wind Energy Center 106.5 71 Mar-04 Dec-04 May-05 GE Wind 80
Weatherford Wind Energy Center Expansion 40.5 27 May-05 Oct-05 Jan-06 GE Wind 80  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Custer, OK (OKCC) 484 153 193 187 96 1113  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Custer, OK (OKCC) 637 375 76 6 7 12 1113  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Custer, OK (OKCC) 637 16 1 408 50 1 1113  
 

                                                 
107 Portions of the town of Weatherford, both North and South of the town center, were not included in the sample 
due to lack of available data.  The homes that were mapped, and for which electronic data were provided, however, 
were situated on all sides of these unmapped areas and were similar in character to those that were omitted.  None of 
the unmapped homes were within a mile of the nearest wind turbine. 
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Weatherford City 10,097 1.2% 1,740 24.1 32,543$    113,996$     45%
Hydro Town 1,013 -3.7% 1,675 39.2 35,958$    66,365$       68%
Custer County 26,111 3.6% 26 32.7 35,498$    98,949$       52%
Oklahoma State 3,617,316 4.8% 53 35.5 41,567$    103,000$     46%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants.  
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A.4 IABV Study Area: Buena Vista County (Iowa) 

Figure A - 5: Map of IABV Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the sizable Storm Lake and Intrepid wind facilities, which are mostly 
situated in Buena Vista County, located in Northwestern Iowa, 75 miles East of Sioux City.  The 
facilities also stretch into Sac County to the South and Cherokee County to the West.  The 
facilities total 381 turbines (370 MW) and are more than 30 miles long North to South and eight 
miles wide East to West.  Development began on the first Storm Lake facility in 1998 and the 
last of the Intrepid development was completed in 2006. The largest turbines have a hub height 
of 213 feet at the hub, but most are slightly smaller at 207 feet.  The majority of the homes in the 
sample surround Storm Lake (the body of water), but a large number of homes are situated on 
small residential plots located outside of the town and nearer to the wind facility.  Additionally, a 
number of sales occurred in Alta - a small town to the East of Storm Lake -thatis straddled by the 
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wind facilities and therefore provides dramatic views of the turbines.  In general, except for the 
depression in which Storm Lake sits, the topography is very flat, largely made up corn fields, and 
the turbines are therefore visible from quite far away.  The housing market is driven, to some 
extent, by the water body, Storm Lake, which is a popular recreational tourist destination, and 
therefore development is occurring to the East and South of the lake.  Some development is also 
occurring, to a lesser degree, to the East of Alta. 
 
Data Collection and Summary 
County Assessor Kathy A. Croker and Deputy Assessor Kim Carnine were both extremely 
helpful in answering questions and providing GIS data.  Sales and home characteristic data were 
provided by Vanguard Appraisals, Inc., facilitated by the county officials.  David Healy from 
MidAmerican provided some of the necessary turbine location GIS files.   
 
The county provided data on valid single-family residential transactions between 1996 and 2007 
for 1,743 homes inside of five miles of the nearest wind turbine.  This sample exceeded the 
number for which field data could reasonably be collected; as a result, only a sample of these 
homes sales was used for the study. Specifically, all transactions that occurred within three miles 
of the nearest turbine were used, in combination with a random sample (totaling roughly 10%) of 
those homes between three and five miles.  This approach resulted in 822 sales, with prices that 
ranged from $12,000 to $525,000, and a mean of $94,713.  Development of the wind facilities in 
this area occurred relatively early in the sample period, and therefore roughly 75% of the sales (n 
= 605) occurred after project construction had commenced.  Of those 605 sales, 105 had views of 
the turbines, 37 of which were ranked with a view rating more dramatic than MINOR, and 30 
sales occurred within one mile of the nearest wind turbine.  
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/2/1996 3/30/2007 822 $79,000 $94,713 $12,000 $525,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Storm Lake I 112.5 150 Feb-98 Oct-98 Jun-99 Enron 63
Storm Lake II 80.3 107 Feb-98 Oct-98 Apr-99 Enron 63
Waverly 1.5 2 Feb-98 Oct-98 Jun-99 Enron 65
Intrepid 160.5 107 Mar-03 Oct-04 Dec-04 GE Wind 65
Intrepid Expansion 15.0 15 Jan-05 Apr-05 Dec-05 Mitsubishi 65  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Buena Vista, IA (IABV) 152 65 80 70 455 822  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Buena Vista, IA (IABV) 217 500 68 18 8 11 822  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Buena Vista, IA (IABV) 217 22 8 472 101 2 822  
 
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Storm Lake City 9,706 -3.9% 2,429 31.7 39,937$    99,312$       41%
Alta Town 1,850 -1.0% 1,766 35.1 40,939$    98,843$       48%
Buena Vista County 19,776 -3.1% 36 36.4 42,296$    95,437$       45%
Iowa State 3,002,555 2.6% 52 36.6 47,292$    117,900$     43%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. 
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A.5 ILLC Study Area: Lee County (Illinois) 

Figure A - 6: Map of ILLC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area is situated roughly 80 miles due West of Chicago, in Lee County, Illinois, and 
includes two wind facilities.  The 63 turbine (53 MW) Mendota Hills Wind Project sits just West 
of North-South Highway 39, and 10 miles South of East-West Highway 88.  Development began 
on the facility in 2001 and was completed in 2003.  The second facility, the 40 turbine (80 MW) 
GSG Wind Farm is South and West of the Mendota Hills facility, and is broken into two parts:  
roughly one third of the turbines are situated two miles due north of the small town of Sublette, 
with the remainder located roughly six miles to the southeast and spanning the line separating 
Lee from La Salle County.  Development began on this project in the fall of 2006 and was 
completed in April of the following year.  The town of Paw Paw, which is East of Highway 38 
and both facilities, is the largest urban area in the study area, but is further away from the 
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facilities than the towns of Compton, West Brooklyn, Scarboro, and Sublette.  Also, to the North 
of the facilities are the towns of Lee, to the East of Highway 38, and Steward, just to the West. 
Although many home sales occurred in these towns, a significant number of additional sales 
occurred on small residential tracts in more-rural areas or in small developments.  The 
topography of the area is largely flat, but falls away slightly to the East towards Paw Paw.  The 
area enjoyed significant development during the real estate boom led by commuters from the 
Chicago metropolitan area, which was focused in the Paw Paw area but was also seen in semi-
rural subdivisions to the Southwest and North of the wind facility. 
 
Data Collection and Summary 
County Supervisor Wendy Ryerson was enormously helpful in answering questions and 
providing data, as were Carmen Bollman and GIS Director, Brant Scheidecker, who also work in 
the county office.  Wendy and Carmen facilitated the sales and home characteristic data request 
and Brant provided the GIS data.  Additionally, real estate brokers Neva Grevengoed of LNG 
Realtor, Alisa Stewart of AC Corner Stone, and Beth Einsely of Einsely Real Estate were helpful 
in understanding the local market.   
 
The county provided information on 412 valid single-family transactions that occurred between 
1998 and 2007 within 10 miles of the nearest wind turbine, all of which were included in the 
sample.108  These sales ranged in price from $14,500 to $554,148, with a mean of $128,301.  Of 
those sales, 213 occurred after construction commenced on the wind facility and, of those, 36 
had views of the turbines – nine of which were rated more dramatically than MINOR.  Only two 
sales occurred within one mile of the nearest wind turbine. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

5/1/1998 3/2/2007 412 $113,250 $128,301 $14,500 $554,148  
 
Facility Statistics 

Facility Name Number of 
MW

 Number of 
Turbines 

Announce 
Date

Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Mendota Hills 50.4 63 Nov-01 Aug-03 Nov-03 Gamesa 65
GSG Wind Farm 80 40 Dec-05 Sep-06 Apr-07 Gamesa 78  
Source: AWEA & Ventyx Inc. 
 

                                                 
108 This county was not able to provide data electronically back to 1996, as would have been preferred, but because 
wind project development did not occur until 2001, there was ample time in the study period to establish pre-
announcement sale price levels.   
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Lee, IL (ILLC) 115 84 62 71 80 412  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Lee, IL (ILLC) 199 177 27 7 1 1 412  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Lee, IL (ILLC) 199 1 1 85 69 57 412  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Paw Paw Town 884 2.6% 1,563 38.0 48,399$    151,954$     n/a
Compton Town 337 -2.9% 2,032 32.8 44,023$    114,374$     n/a
Steward Town 263 -3.0% 2,116 35.2 59,361$    151,791$     n/a
Sublette Town 445 -2.4% 1,272 37.7 55,910$    133,328$     n/a
Lee County 35,450 -1.7% 49 37.9 47,591$    136,778$     64%
Illinois State 12,852,548 3.5% 223 34.7 54,124$    208,800$     60%
US Country 301,139,947 7.0% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.6 WIKCDC Study Area: Kewaunee and Door Counties 
(Wisconsin) 

Figure A - 7: Map of WIKCDC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the Red River (17 turbines, 14 MW) and Lincoln (14 turbines, 9 MW) 
wind facilities.  It is situated on the “thumb” jutting into Lake Michigan, Northeast of Green Bay, 
Wisconsin, and spans two counties, Kewaunee and Door.  There is a mix of agricultural, small 
rural residential, waterfront, and urban land use in this area.  The three largest towns are Algoma 
to the East of the facilities and on the lake, Casco, which is six miles due South of the turbines, 
and Luxemburg, four miles West of Casco.  There is a smaller village, Brussels, to the North in 
Door County.  The remainder of the homes is situated on the water or in small rural residential 
parcels between the towns.  Topographically, the “thumb” is relatively flat except for a slight 
crown in the middle, and then drifting lower to the edges.  The East edge of the “thumb” ends in 
bluffs over the water, and the western edge drops off more gradually, allowing those parcels to 
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enjoy small beaches and easy boat access.  There is some undulation of the land, occasionally 
allowing for relatively distant views of the wind turbines, which stand at a hub height of 213 feet. 
 
Data Collection and Summary 
Kewaunee and Door Counties did not have a countywide system of electronic data storage for 
either sales or home characteristic data.  Therefore, in many cases, data had to be collected 
directly from the town or city assessor.  In Kewaunee County, Joseph A. Jerabek of the town of 
Lincoln, Gary Taicher of the town of Red River, Melissa Daron of the towns of Casco, Pierce, 
and West Kewaunee, Michael Muelver of the town of Ahnapee and the city of Algoma, William 
Gerrits of the town of Casco, Joseph Griesbach Jr. of the town of Luxemburg, and David 
Dorschner of the city of Kewaunee all provided information.  In Door County, Scott Tennessen 
of the town of Union and Gary Maccoux of the town of Brussels were similarly very helpful in 
providing information.  Additionally, Andy Pelkey of Impact Consultants, Inc., John Holton of 
Associated Appraisal Consultants, Andy Bayliss of Dash Development Group, and Lue Van 
Asten of Action Appraisers & Consultants all assisted in extracting data from the myriad of 
storage systems used at the town and city level.  The State of Wisconsin provided additional 
information on older sales and sales validity, with Mary Gawryleski, James Bender, and Patrick 
Strabala from the Wisconsin Department of Revenue being extremely helpful.  GIS data were 
obtained from Steve Hanson from Kewaunee County and Tom Haight from Door County. 
 
After collecting data from each municipality, a total of 810 valid single-family home sales 
transactions were available for analysis, ranging in time from 1996 to 2007.  These sales ranged 
in price from $20,000 to $780,000, with a mean of $116,698.  Because development of the wind 
facilities occurred relatively early in the study period, a large majority of the sales transactions, 
75% (n = 725), occurred after project construction had commenced.  Of those, 64 had views of 
the turbines, 14 of which had more dramatic than MINOR views, and 11 sales occurred within 
one mile. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

2/2/1996 6/30/2007 810 $98,000 $116,698 $20,000 $780,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Red River 11.2 17 Apr-98 Jan-99 Jun-99 Vestas 65
Lincoln 9.2 14 Aug-98 Jan-99 Jun-99 Vestas 65  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Kewaunee/Door, WI (WIKCDC) 44 41 68 62 595 810
 

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Kewaunee/Door, WI (WIKCDC) 85 661 50 9 2 3 810
 

Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Kewaunee/Door, WI (WIKCDC) 85 7 4 63 213 438 810
 

 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Algoma Town 3,186 -4.7% 1,305 41.8 39,344$    112,295$     51%
Casco Town 551 -2.8% 985 35.6 53,406$    141,281$     n/a
Luxemburg Town 2,224 15.3% 1,076 32.0 53,906$    167,403$     n/a
Kewaunee County 20,533 1.4% 60 37.5 50,616$    148,344$     57%
Door County 27,811 2.4% 58 42.9 44,828$    193,540$     57%
Wisconsin State 5,601,640 0.3% 103 36.0 50,578$    168,800$     50%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.7 PASC Study Area: Somerset County (Pennsylvania) 

Figure A - 8: Map of PASC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes three wind facilities, Somerset (6 turbines, 9 MW, 210 ft hub height) to 
the North, Meyersdale (20 turbines, 30 MW, 262 ft hub height) to the South, and Green 
Mountain (8 turbines, 10 MW, 197 ft hub height) between them.  All of the projects are located 
in Somerset County, roughly 75 miles southeast of Pittsburg in the Southwest section of 
Pennsylvania.  None of the three facilities are separated by more than 10 miles, so all were 
included in one study area.  To the North of the facilities is East-West U.S. Highway 70, which 
flanks the city of Somerset.  Connecting Somerset with points South is County Route 219, which 
zigzags Southeast out of Somerset to the smaller towns of Berlin (not included in the data), 
Garret to the Southwest, and Meyersdale, which is Southeast of Garret. These towns are flanked 
by two ridges that run from the Southwest to the Northeast.  Because of these ridges and the 
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relatively high elevations of all of the towns, this area enjoys winter recreation, though the coal 
industry, which once dominated the area, is still an integral part of the community with mining 
occurring in many places up and down the ridges.  Although many of the home sales in the 
sample occurred in the towns, a number of the sales are for homes situated outside of town 
corresponding to either rural, rural residential, or suburban land uses.   
 
Data Collection and Summary 
The County Assessor, Jane Risso, was extremely helpful, and assisted in providing sales and 
home characteristic data.  Glen Wagner, the IT director, worked with Gary Zigler, the county 
GIS specialist, to extract both GIS and assessment data from the county records.  Both Gary and 
Jane were extremely helpful in fielding questions and providing additional information as needs 
arose.   
 
The county provided a total of 742 valid residential single-family home sales transactions within 
four miles of the nearest wind turbine.  All of the sales within three miles were used (n = 296), 
and a random sample (~ 44%) of those between three and four miles were used, yielding a total 
of 494 sales that occurred between May 1997 and March 2007.  These sales ranged in price from 
$12,000 to $360,000, with a mean of $69,770.  291 sales (~ 60% of the 494) occurred after 
construction commenced on the nearest wind facility.  Of these 291 sales, 73 have views of the 
turbines, 18 of which are more dramatic than MINOR, and 35 sales occurred within one mile.109 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

5/1/1997 3/1/2007 494 $62,000 $69,770 $12,000 $360,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

GreenMountain Wind Farm 10.4 8 Jun-99 Dec-99 May-00 Nordex 60
Somerset 9.0 6 Apr-01 Jun-01 Oct-01 Enron 64
Meyersdale 30.0 20 Jan-03 Sep-03 Dec-03 NEG Micon 80  
Source: AWEA & Ventyx Inc. 
 

                                                 
109 This study area was one of the earliest to have field work completed, and therefore the field data collection 
process was slower resulting in a lower number of transactions than many other study areas. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Somerset, PA (PASC) 175 28 46 60 185 494  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Somerset, PA (PASC) 203 218 55 15 2 1 494  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Somerset, PA (PASC) 203 17 18 132 124 0 494  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Somerset Town 6,398 -4.8% 2,333 40.2 35,293$    123,175$     n/a
Berlin Town 2,092 -4.0% 2,310 41.1 35,498$    101,704$     n/a
Garrett Town 425 -4.7% 574 34.5 29,898$    54,525$       n/a
Meyersdale Town 2,296 -6.6% 2,739 40.9 29,950$    79,386$       n/a
Somerset Cou County 77,861 -2.7% 72 40.2 35,293$    94,500$       41%
Pennsylvania State 12,440,621 1.3% 277 38.0 48,576$    155,000$     60%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.8 PAWC Study Area: Wayne County (Pennsylvania) 

Figure A - 9: Map of PAWC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the Waymart wind facility, which sits atop the North-South ridge 
running along the line separating Wayne County from Lackawanna and Susquehanna Counties in 
Northeast Pennsylvania.  The 43 turbine (65 MW, 213 ft hub height) facility was erected in 2003, 
and can be seen from many locations in the study area and especially from the towns of Waymart, 
which sits East of the facility, and Forest City, which straddles Wayne and Susquehanna 
Counties North of the facility.  The study area is dominated topographically by the ridgeline on 
which the wind turbines are located, but contains rolling hills and many streams, lakes, and 
natural ponds.  Because of the undulating landscape, views of the wind facility can be 
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maintained from long distances, while some homes relatively near the turbines have no view of 
the turbines whatsoever.  The area enjoys a substantial amount of second home ownership 
because of the bucolic scenic vistas, the high frequency of lakes and ponds, and the proximity to 
larger metropolitan areas such as Scranton, roughly 25 miles to the Southwest, and Wilkes-Barre 
a further 15 miles Southwest. 
 
Data Collection and Summary 
John Nolan, the County Chief Assessor, was very helpful in overseeing the extraction of the data 
from county records.  GIS specialist Aeron Lankford provided the GIS parcel data as well as 
other mapping layers, and Bruce Grandjean, the IT and Data Specialist, provided the sales and 
home characteristic data as well as fielding countless questions as they arose.  Additionally, real 
estate brokers Dotti Korpics of Bethany, Kent Swartz of Re Max, and Tom Cush of Choice #1 
Country Real Estate were instrumental providing context for understanding the local market. 
 
The county provided data on 551 valid single-family transactions that occurred between 1996 
and 2007, all of which were included in the sample.  These sales ranged in price from $20,000 to 
$444,500, with a mean of $111,522.  Because of the relatively recent development of the wind 
facility, only 40% (n = 222) of the sales transaction occurred after the construction of the facility 
had commenced.  Of those sales, 43 (19%) had views of the turbines, ten of which had more 
dramatic than MINOR views, and 11 were situated within one mile.   
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

7/12/1996 9/25/2006 551 $96,000 $111,522 $20,000 $444,500  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Waymart Wind Farm 64.5 43 Feb-01 Jun-03 Oct-03 GE Wind 65  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Wayne, PA (PAWC) 223 106 64 71 87 551  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Wayne, PA (PAWC) 329 179 33 8 2 0 551  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Wayne, PA (PAWC) 329 1 10 95 55 61 551  
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Waymart Town 3,075 116.0% 1,111 41.7 43,797$    134,651$     56%
Forest City Town 1,743 -5.2% 1,929 45.6 32,039$    98,937$       67%
Prompton Town 237 -1.6% 149 41.9 30,322$    162,547$     56%
Wayne County 51,708 5.9% 71 40.8 41,279$    163,060$     57%
Lackawanna County 209,330 -1.9% 456 40.3 41,596$    134,400$     48%
Pennsylvania State 12,440,621 1.3% 277 38.0 48,576$    155,000$     60%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. 
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A.9 NYMCOC Study Area: Madison and Oneida Counties (New 
York) 

Figure A - 10: Map of NYMCOC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area surrounds the seven turbine (12 MW, 220 ft hub height) Madison wind facility, 
which sits atop an upland rise in Madison County, New York.  The area is roughly 20 miles 
Southwest of Utica and 40 miles Southeast of Syracuse.  The facility is flanked by the towns 
moving from the Southwest, clockwise around the rise, from Hamilton and Madison in Madison 
County, NY, to Oriskany Falls, Waterville, and Sangerfield in Oneida County, NY.  Hamilton is 
the home of Colgate University, whose staff lives throughout the area around Hamilton and 
stretching up into the town of Madison.  Accordingly, some development is occurring near the 
college.  To the Northeast, in Oneida County, the housing market is more depressed and less 
development is apparent.  The study area in total is a mix of residential, rural residential, and 
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rural landscapes, with the largest portion being residential homes in the towns or immediately on 
their outskirts.  The topography, although falling away from the location of the wind facility, 
does not do so dramatically, so small obstructions can obscure the views of the facility. 
 
Data Collection and Summary 
Data were obtained from both Madison and Oneida Counties for this study area.  In Madison 
County, Kevin Orr, Mike Ellis, and Carol Brophy, all of County’s Real Property Tax Services 
Department, were extremely helpful in obtaining the sales, home characteristic, and GIS data.  In 
Oneida County, Jeff Quackenbush and Richard Reichert in the Planning Department were very 
helpful in obtaining the county data.  Additionally, discussions with real estate brokers Susanne 
Martin of Martin Real Estate, Nancy Proctor of Prudential, and Joel Arsenault of Century 21 
helped explain the housing market and the differences between Madison and Oneida Counties. 
 
Data on 463 valid sales transactions of single family residential homes that occurred between 
1996 and 2006 were obtained, all of which were located within seven miles of the wind facility.  
These sales ranged in price from $13,000 to $380,000, with a mean of $98,420.  Roughly 75% (n 
= 346) of these sales occurred after construction commenced on the wind facility, of which 20 
could see the turbines, all of which were rated as having MINOR views, except one which had a 
MODERATE rating; only two sales involved homes that were situated inside of one mile. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/6/1996 12/26/2006 463 $77,500 $98,420 $13,000 $380,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Madison Windpower 11.6 7 Jan-00 May-00 Sep-00 Vestas 67  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Madison/Oneida, NY (MYMCOC) 108 9 48 30 268 463  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Madison/Oneida, NY (MYMCOC) 117 326 19 1 0 0 463  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Madison/Oneida, NY (MYMCOC) 117 1 1 80 193 71 463  
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Madison Town 304 -2.9% 605 38.1 36,348$    94,734$       n/a
Hamilton Town 3,781 7.9% 1,608 20.8 48,798$    144,872$     n/a
Orinkany Fall Town 1,413 -2.9% 1,703 40.8 47,689$    105,934$     n/a
Waterville Town 1,735 -3.2% 1,308 37.8 46,692$    104,816$     n/a
Sangerfield Town 2,626 -1.4% 85 37.6 47,563$    106,213$     n/a
Madison County 69,829 0.6% 106 36.1 53,600$    109,000$     39%
Oneida County 232,304 -1.3% 192 38.2 44,636$    102,300$     40%
New York State 19,297,729 1.7% 408 35.9 53,514$    311,000$     109%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.10 NYMC Study Area: Madison County (New York) 

Figure A - 11: Map of NYMC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area surrounds the 20 turbine (30 MW, 218 ft hub height) Fenner wind facility in 
Madison County, New York, roughly 20 miles East of Syracuse and 40 miles West of Utica in 
the middle of New York.  The study area is dominated by two roughly parallel ridges.  One, on 
which the Fenner facility is located, runs Southeast to Northwest and falls away towards the 
town of Canastota.  The second ridge runs roughly North from Cazenovia, and falls away just 
South of the town of Chittenango.  Surrounding these ridges is an undulating landscape with 
many water features, including the Chittenango Falls and Lake Cazenovia.  A number of high-
priced homes are situated along the ridge to the North of Cazenovia, some of which are afforded 
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views of the lake and areas to the West, others with views to the East over the wind facility, and 
a few having significant panoramic views.  The west side of the study area has a number of 
drivers to its real estate economy: it serves as a bedroom community for Syracuse, is the home to 
Cazenovia College, and enjoys a thriving summer recreational population.  Canastota to the 
North, and Oneida to the East, are older industrial towns, both of which now serve as feeder 
communities for Syracuse because of easy access to Highway 90.  Between the towns of 
Cazenovia and Canastota are many rural residential properties, some of which have been recently 
developed, but most of which are homes at least a half century old. 
 
Data Collection and Summary 
Data were obtained from the Madison County Real Property Tax Services department directed 
by Carol Brophy.  As the first study area that was investigated, IT and mapping specialists Kevin 
Orr and Mike Ellis were subjected to a large number of questions from the study team and were 
enormously helpful in helping shape what became the blueprint for other study areas.  
Additionally, real estate brokers Nancy Proctor of Prudential, Joel Arsenault of Century 21, Don 
Kinsley of Kingsley Real Estate, and Steve Harris of Cazenovia Real Estate were extremely 
helpful in understanding the local market.   
 
Data on 693 valid sales transactions of single family residential structures that occurred between 
1996 and 2006 were obtained, most of which were within five miles of the wind facility. These 
sales ranged in price from $26,000 to $575,000, with a mean of $124,575.   Roughly 68% of 
these sales (n = 469) occurred after construction commenced on the wind facility, 13 of which 
were inside of one mile, and 74 of which had views of the turbines.  Of that latter group, 24 have 
more dramatic than MINOR views of the turbines. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/31/1996 9/29/2006 693 $109,900 $124,575 $26,000 $575,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Fenner Wind Power Project 30 20 Dec-98 Mar-01 Nov-01 Enron 66  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Madison, NY (NYMC) 59 165 74 70 325 693  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Madison, NY (NYMC) 224 395 50 16 8 0 693  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Madison, NY (NYMC) 224 2 11 80 374 2 693  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Cazenovia Town 2,835 8.6% 1,801 32.3 58,172$    159,553$     n/a
Chittenango Town 4,883 -0.5% 2,000 36.0 58,358$    104,845$     n/a
Canastota Town 4,339 -1.7% 1,306 37.3 45,559$    93,349$       n/a
Oneida City 10,791 -1.7% 490 36.9 47,173$    99,305$       n/a
Morrisville Town 2,155 0.6% 1,869 20.4 45,852$    102,352$     n/a
Madison County 69,829 0.6% 106 36.1 53,600$    109,000$     39%
New York State 19,297,729 1.7% 408 35.9 53,514$    311,000$     109%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
. 
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Appendix B: Methodology for Calculating Distances with GIS  
For each of the homes in the dataset, accurate measurements of the distance to the nearest wind 
turbine at the time of sale were needed, and therefore the exact locations of both the turbines and 
the homes was required.  Neither of these locations was available from a single source, but 
through a combination of techniques, turbine and home locations were derived.  This section 
describes the data and techniques used to establish accurate turbine and home locations, and the 
process for then calculating distances between the two.   
 
There were a number of possible starting points for mapping accurate wind turbine locations.  
First, the Energy Velocity data, which covered all study areas, provided a point estimate for 
project location, but did not provide individual turbine locations.  The Federal Aviation 
Administration (FAA), because of permitting and aviation maps, maintains data on turbine 
locations, but at the time of this study, that data source did not cover all locations, contained data 
on structures that no longer exist, and was difficult to use.110  Finally, in some cases, the counties 
had mapped the wind turbines into GIS.   
 
In the end, because no single dataset was readily available to serve all study areas, instead the 
variety of data sources described above was used to map and/or confirm the location of every 
turbine in the 10 study areas.  The process began with high-resolution geocoded satellite and 
aerial ortho imagery that the United States Department of Agriculture (USDA) collects and 
maintains under its National Agriculture Imagery Program (NAIP), and which covers virtually 
all of the areas in this investigation.  Where needed, older ortho imagery from the USDA was 
used.  Combining these data with the Energy Velocity data, and discussions with local officials, 
and maps provided by the county or the developer, locating and mapping all of the turbines in 
each study area was possible. 
 
Home locations were provided directly by some counties; in other cases, a parcel centroid was 
created as a proxy. 111  In some situations, the centroid did not correspond to the actual house 
location, and therefore required further refinement.  This refinement was only required and 
conducted if the parcel was near the wind turbines, where the difference of a few hundred feet, 
for example, could alter its distance rating in a meaningful fashion, or when the parcel included a 
considerable amount of acreage, where inaccuracy in home location could be considerable.  
Therefore, parcels inside of 1.5 miles of the nearest wind turbine and of any size, and parcels 
outside of 1.5 miles and larger than 5 acres, were both examined using the USDA NAIP imagery 
to determine the exact home location.  In cases where the parcel centroid was not centered over 
the home, the location was adjusted, using the ortho image as a guide, to the actual house 
location.  
 
With both turbine and home locations identified, the next step was to determine distances 
between the two.  To do so, the date when each transaction in the sample occurred was taken into 

                                                 
110 A newer FAA database is now available that clears up many of these earlier concerns.  
111 A “parcel centroid” is the mathematical center point of a polygon, and was determined by XTools Pro 
(www.xtoolspro.com). 
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account, combined with the determination of which turbines were in existence at what time.112  
This required breaking the transactions in the sample into three categories: 1) those occurring 
before any wind facility was announced in the study area, 2) those occurring after the first wind 
facility was announced in the area but before all development was complete in the area, and 3) 
those occurring after all wind development in the area was complete.  Any sale that occurred 
before wind development was announced in the study area was coded with a distance to the 
nearest turbine derived from the actual turbine locations after all wind development had 
occurred.113  Homes that sold after all wind development had occurred were treated similarly, 
with distances derived from the set of turbines in place after all development had taken place.  
The final set of homes - those that sold after announcement of the first facility, but before the 
construction of the last - had to be treated, essentially, on a case by case basis.  Some homes 
were located within five miles of one wind facility but more than five miles from another wind 
facility in the same study area (e.g., many homes in PASC).  In this case the distance to that 
closer facility could be applied in a similar fashion as would be the case if only one facility was 
erected (e.g., NYMC or PAWC).  Another group of homes, those that sold during the 
development of the first facility in the study area, were given the distance to that facility, 
regardless of distance to the other facilities in the study area.  The final and most complicated 
group of homes consisted of those that were within five miles of multiple wind facilities, and that 
sold after the first facility had been erected.  In those cases, the exact configuration of turbines 
was determined for each stage of the development process.  In study areas with multiple facilities 
that were developed over multiple periods, there might be as many as six possible configurations 
(e.g., IABV).  In this final scenario, the distance to the closest turbine was used, assuming it had 
been “announced” at the time of sale. 
 
Once the above process was complete, the mechanics of calculating distances from the turbines 
to the homes was straightforward.  After establishing the location of a set of turbines, for 
instance those constructed in the first development in the area, a euclidian distance raster was 
derived that encompassed every home in the study area. 114  The calculations were made using a 
50-foot resolution state-plane projection and North American Datum from 1983 (NAD83).  As 
discussed above, similar rasters were created for each period in the development cycle for each 
study area, depending on the turbine configuration at that time.  Ultimately, a home’s sale date 
was matched to the appropriate raster, and the underlying distance was extracted.  Taking 
everything into account discussed above, it is expected that these measurements are accurate to 

                                                 
112 It is recognized that the formal date of sale will follow the date at which pricing decisions were made.  It is also 
recognized, as mentioned in Section 3, that wind facility announcement and construction dates are likely to be 
preceded by “under the radar” discussions in the community.  Taken together, these two factors might have the 
effect, in the model, of creating some apparent lag in when effects are shown, compared to the earlier period in 
which effects may begin to occur.  For this to bias the results, however, effects would have to disappear or 
dramatically lesson with time (e.g., less than one year after construction) such that the effects would not be 
uncovered with the models in later periods. Based on evidence from other potentially analogous infrastructure (e.g., 
HVTL), any fading of effects would likely occur over many years, so it is assumed that any bias is likely minimal. 
113 These distances were used to compare homes sold, for instance, within 1 mile of where the turbines were 
eventually erected with similar homes sold after the turbines were erected (see, for example, the Temporal Aspects 
Model). 
114 A “Raster” is a grid of, in this case, 50 feet by 50 feet squares, each of which contains a number representing the 
number of feet from the center of the square to the nearest turbine. 
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within roughly 150 feet inside of 1.5 miles and within a maximum of roughly 1150 feet outside 
of 1.5 miles.115 

                                                 
115 The resolution of the raster is 50 feet, so the hypotenuse is 70 feet.  If the home is situated in the top left of a 
raster cell and the turbine is situated in the bottom right of a diagonally adjacent cell, they could be separated by as 
much as 140 feet, yet the raster distance would only be 50 feet, a difference of 90 feet.  Moreover, the resolution of 
the Ortho image is 40 feet so that location could additionally be off by another 55 feet along the diagonal.  These 
two uncertainties total to roughly 150 feet for homes inside of 1.5 miles.  Outside of 1.5 miles the variation between 
centroid and house location for parcels smaller than 5 acres could be larger still.  If a 4.9 acre parcel had a highly 
irregular rectangular shape of 102 by 2100 feet, for instance, the centroid could be as much as 1050 feet from the 
property line.  If the home was situated 50 feet from the property line then the actual house location could be off by 
as much as 1000 feet.  Adding this to the 150 feet from above leads to a total discrepancy of 1150 feet (0.22 miles) 
for homes outside of 1.5 miles on parcels smaller than 5 acres.  Of course, these extreme scenarios are highly 
unlikely to be prevalent. 
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Appendix C: Field Data Collection Instrument 

Figure A - 12: Field Data Collection Instrument 
House # (Control/ Key #) County
House Address
Home Characteristics House Photo Number(s)
Cul-De-Sac? No(0) / Yes(1) Waterfront? No(0) / Yes(1)

Scenic Vista Characteristics Vista Photo Numbers

View of Turbines Characteristics View Photo Numbers
Total # of Turbines visible
# of Turbines- blade tips only visible
# of Turbines- nacelle/hub visible
# of Turbines- tower visible

Overall Quality of Scenic Vista: Poor (1), Below Average (2), Average (3), Above Average (4), Premium (5)

Orientation of Home to View: See Below

Notes:

Side (S), Front (F), Back (B), Angled (A)

View Scope: Narrow(1), Medium(2), Wide(3)

The Degree to which the View of Turbines Dominate the Site?                                                                                                                
Non-Existent (0), Minor (1), Moderate (2), Substantial (3), Extreme (4)

Degree to which the Turbines Overlap the Prominent Scenic Vista?                                                                                                        
Not at all (0), Barely (1), Somewhat (2), Strongly (3),  Entirely (4)
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Figure A - 13: Field Data Collection Instrument - Instructions - Page 1 
Home Characteristics
Cul-De-Sac?   No(0)/Yes(1)
Waterfront?    No(0)/Yes(1)

"Vista" Characteristics

Overall Quality of Scenic Vista:                  
Poor (1)

Overall Quality of Scenic Vista:                  
Below Average (2)

Overall Quality of Scenic Vista:                  
Average (3)

Overall Quality of Scenic Vista:                  
Above Average (4)

Overall Quality of Scenic Vista:                  
Premium (5)

Degree Turbines Overlap Prominent 
Vista? Not at all (0))

Degree Turbines Overlap Prominent 
Vista? Barely (1)

Degree Turbines Overlap Prominent 
Vista?  Somewhat (2)

Degree Turbines Overlap Prominent 
Vista? Strongly (3)

Degree Turbines Overlap Prominent 
Vista? Entirely (4)

Is the home situated on a cul-de-sac?
Is the home situated on the waterfront?

The home's vista is of the average quality.  These vistas include interesting views which can be 
enjoyed often only a narrow scope. These vistas may contain some visually discordant man-made 
alterations (not considering turbines), are moderately comfortable spaces for people, have some 
interest, and have minor recreational potential. 

The home's vista is of the below average quality.  These vistas contain visually discordant man-made 
alterations (not considering turbines) but are not dominated by them.  They are not inviting spaces for 
people, but are not uncomfortable.  They have little interest, mystery and have minor recreational 
potential. 

This rating is reserved for vistas of unmistakably poor quality.  These vistas are often dominated by 
visually discordant man-made alterations (not considering turbines), or are uncomfortable spaces for 
people, lack interest, or have virtually no recreational potential.

A large portion (~50-80%) of the vista contains a view of turbines, many of which likely can be seen 
entirely (from below the sweep of the blades to the top of their tips).

This rating is reserved for vistas of unmistakably premium quality.  These vistas would include 
"picture post card" views which can be enjoyed in a wide scope.  They are often free or largely free of 
any discordant man made alterations (not considering turbines), possess significant interest, 
memorable qualities, mystery and are well balanced and likely have a high potential for recreation.

The vista does not contain any view of the turbines.

A small portion (~ 0 - 20%) of the vista is overlapped by the view of turbines therefore the vista might 
contain a view of a few turbines, only a few of which can be seen entirely (from below the sweep of 
the blades to the top of their tips). 

The vista from the home is of above average quality.  These vistas include interesting views which 
often can be enjoyed in a medium to wide scope.  They might contain some man made alterations (not 
considering turbines), yet still possess significant interest and mystery, are moderately balanced and 
have some potential for recreation.

This rating is reserved for situations where the turbines overlap virtually the entire ( ~80-100%) vista 
from the home.  The vista likely contains a view of many turbines, virtually all of which can be seen 
entirely (from below the sweep of the blades to the top of their tips).

A moderate portion (~20-50%) of the vista contains turbines, and likely contains a view of more than 
one turbine, some of which are likely to be seen entirely (from below the sweep of the blades to the 
top of their tips).
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Figure A - 14: Field Data Collection Instrument - Instructions - Page 2 
View of Turbines Characteristi
House Orientation to View of Turbines:      
Side (S)

House Orientation to View of Turbines: 
Front (F)

House Orientation to Vista of Turbines: 
Back (B)

House Orientation to Vista of Turbines: 
Angled (A)

View of Turbines Scope: Narrow(1)

View of Turbines Scope: Medium(2)

View of Turbines Scope: Wide(3)

Degree to which View of Turbines 
Dominates the Site?  None (0)

Degree to which View of Turbines 
Dominates the Site? Minor (1)

Degree to which View of Turbines 
Dominates the Site? Moderate (2)

Degree to which View of Turbines 
Dominates the Site?                            
Substantial (3)

Degree to which View of Turbines 
Dominates the Site?                            
Extreme (4)

Orientation of home to the view of the turbines is from the front.

The turbines are dramatically visible from the home.  The turbines are likely visible in a wide scope, 
and most likely the distance between the home and the facility is short.

This rating is reserved for sites that are unmistakably dominated by the presence of the windfarm.  
The turbines are dramatically visible from the home and there is a looming quality to their placement.  
The turbines are often visible in a wide scope, or the distance to the facility is very small.

Orientation of home to the view of the turbines is from an angle.

The view of the turbines is largely blocked by trees, large shrubs or man made features in the 
foreground (0-300 feet) allowing 0 - 30 degrees of view of the wind facility

The view of turbines is partially blocked by trees, large shrubs or man made features in the foreground 
(0-300 feet) allowing only 30-90 degrees of view of the wind facility.

The view of the turbines is free or almost free from blockages by trees, large shrubs or man made 
features in the foreground (0-300 feet) allowing at least 90 degrees of view of the wind facility.

The turbines are visible but either the scope is narrow, there are many obstructions, or the distance 
between the home and the facility is large.  

The turbines are visible but the scope is either narrow or medium, there might be some obstructions, 
and the distance between the home and the facility is most likely a few miles.

The turbines are not visible at all frrom this home. 

Orientation of home to the view of the turbines is from the side.

Orientation of home to the view of the turbines is from the back.
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Appendix D: Vista Ratings with Photos 
POOR VISTA 

 
 
BELOW AVERAGE VISTA 

 
 
AVERAGE VISTA 
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ABOVE AVERAGE VISTA 

 
 
PREMIUM VISTA 

 
 

 

 
 
 

 
 
 



 

 122 

Appendix E: View Ratings with Photos
MINOR VIEW 

 
3 turbines visible from front orientation, nearest 1.4 miles (TXHC) 
 
MODERATE VIEW 

 
18 turbines visible from back orientation, nearest 1.6 miles (ILLC) 
 
SUBSTANTIAL VIEW 

 
90 turbines visible from all orientations, nearest 0.6 miles (IABV) 
 

 

 
5 turbines visible from front orientation, nearest 0.9 miles (NYMC) 
 
 

 
6 turbines visible from back orientation, nearest 0.8 miles (PASC) 
 
 

 
27 turbines visible from multiple orientations, nearest 0.6 miles 
(TXHC) 
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EXTREME VIEW 

 
6 turbines visible from multiple orientations, nearest 0.2 miles 
(WIKCDC) 
 

 

 
212 turbines visible from all orientations, nearest 0.4 miles (IABV) 
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Appendix F: Selecting the Primary (“Base”) Hedonic Model  
Equation (1) as described in Section 4.2 is presented in this report as the primary (or “Base”) 
model to which all other models are compared.  As noted earlier, in the Base Hedonic Model and 
in all subsequent models presented in Section 5 all variables of interest, spatial adjustments, and 
home and site characteristics are pooled, and therefore their estimates represent the average 
across all study areas.  Ideally, one would have enough data to estimate a model at the study area 
level - a fully unrestricted model - rather than pooled across all areas.  In this appendix, 
alternative model forms are presented that unrestrict these variables at the level of study areas.  
As shown here, these investigations ultimately encouraged the selection of the somewhat simpler 
pooled Base Model as the primary model, and to continue to use restricted or pooled models in 
the alternative hedonic analyses.   

F.1 Discussion of Fully Unrestricted Model Form 
The Base Model described by equation (1) has variables that are pooled, and the coefficients for 
these variables therefore represent the average across all study areas (after accounting for study 
area fixed effects). An alternative (and arguably superior) approach would be to estimate 
coefficients at the level of each study area, thereby allowing coefficient values to vary among 
study areas.116  This fully interacted – or unrestricted – model would take the following form: 

( ) ( ) ( )0 1 2 3 4
s c k v

5
d

ln(P) N S Y X S (VIEW S)

(DISTANCE S)

β β β β β

β ε

= + ⋅ + + ⋅ + ⋅ +

⋅ +

∑ ∑ ∑ ∑

∑
 (F13) 

where  
P represents the inflation-adjusted sale price, 
N is the spatially weighted neighbors’ predicted sale price, 
S is a vector of s study areas (e.g., WAOR, OKCC, etc.), 
Y is a vector of c study area locational characteristics (e.g., census tract, school district, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
VIEW is a vector of v categorical view of turbine variables (e.g., MINOR, MODERATE, 
etc.), 
DISTANCE is a vector of d categorical distance to turbine variables (e.g., less than 3000 feet, 
between one and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a vector of s parameter estimates for the spatially weighted neighbor’s predicted sale 
price for S study areas,  
β2 is a vector of c parameter estimates for the study area locational fixed effect variables, 
β3 is a vector of k parameter estimates for the home and site characteristics for S study areas,  
β4 is a vector of v parameter estimates for the VIEW variables as compared to homes sold 
with no view of the turbines for S study areas,  

                                                 
116 For instance, the marginal contribution of Acres (the number of acres) to the selling price would be estimated for 
each study area (i.e., Acres_WAOR, Acres_TXHC etc.), as would the variables of interest: VIEW and DISTANCE. 



 

 125 

β5 is a vector of d parameter estimates for the DISTANCE variables as compared to homes 
sold situated outside of five miles for S study areas, and 
ε is a random disturbance term. 

 
To refresh, the fully restricted equation (1) takes the following form: 
( ) 0 1 2 3 4 5

s k v d
ln P N S X VIEW DISTANCEβ β β β β β ε= + + + + + +∑ ∑ ∑ ∑  (1)   

where 
P represents the inflation-adjusted sale price, 
N is the spatially weighted neighbors’ predicted sale price, 
S is the vector of s Study Area fixed effects variables (e.g., WAOR, OKCC, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
VIEW is a vector of v categorical view of turbine variables (e.g., MINOR, MODERATE, etc.), 
DISTANCE is a vector of d categorical distance to turbine variables (e.g., less than 3000 feet, 
between one and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a parameter estimate for the spatially weighted neighbor’s predicted sale price,  
β2 is a vector of s parameter estimates for the study area fixed effects as compared to homes sold 
in the Washington/Oregon (WAOR) study area, 
β3 is a vector of k parameter estimates for the home and site characteristics,  
β4 is a vector of v parameter estimates for the VIEW variables as compared to homes sold with 
no view of the turbines, 
β5 is a vector of d parameter estimates for the DISTANCE variables as compared to homes sold 
situated outside of five miles, and  
ε is a random disturbance term. 
 
The significant change between equations (1) and (F13) is that each of the primary groups of 
variables in equation (F13) is interacted with the study areas (S) so that parameters can be 
estimated at the study area level.  For example, whereas ACRES is estimated in equation (1) 
across all study areas, in equation (F13) it is estimated for each study area (i.e., Acres_WAOR, 
Acres_TXHC, etc).117  Similarly, when considering the possible impact of wind facilities on 
residential sales prices, equation (1) seeks average effects that exist over the entire sample, while 
equation (F13) instead looks for differential effects in each individual study area. Additionally, 
in equation (F13), instead of estimating fixed effects using inter-study area parameters alone (e.g., 
WAOR, TXHC), a set of intra-study area effects (Y) - school district and census tract 
delineations - are added.118  These latter coefficients represent not only effects that are presumed 

                                                 
117 This change is made because, theoretically, the contribution to sales prices of home or site characteristics may 
differ between study areas – for instance Central_AC in Texas vs. New York – and therefore estimating them at the 
study area level may increase the explanatory power of the model. 
118 In the evaluation and selection of the best model to use as the “Base Model” a set of census tract and school 
district delineations were used instead of the study area fixed effects.  These more-granular fixed effects were 
extracted from GIS using house locations and census tract and school district polygons.  Often, the school district 
and census tract delineations were not mutually exclusive.  For example, in Wisconsin the WIKCDC study area 
contains four school districts and six census tracts, none of which completely overlap.  Alternatively, in some study 
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to exist over each entire study area (inter-study area effects), but also intra-study area effects 
such as differences in home valuation due to school districts, distances to amenities, and other 
locationally bound influences.  As with the inter-study area coefficients, because of the myriad 
influences captured by these variables, interpretation of any single coefficient can be difficult.  
However, it is expected that such coefficients would be influential, indicating significant 
differences in value between homes in each study area and across study areas due to school 
district quality and factors that differ between census tracts (e.g., crime rates). 
 
Although the fully unrestricted model described by equation (F13) is arguably superior to the 
fully restricted model described in equation (1) because of its ability to resolve differences 
between and within study areas that are not captured by the Base Model, there are three potential 
drawbacks:  
• Model parsimony and performance;  
• Standard error magnitudes; and  
• Parameter estimate stability.  
 
Each of these potential drawbacks is discussed in turn below:   
 
Model parsimony and performance: In general, econometricians prefer a simpler, more 
parsimonious statistical model.  In this instance, variables should be added to a model only if 
their addition is strongly supported by theory and if the performance of the model is substantially 
improved by their inclusion.  As such, if a model with a relatively small number of parameters 
performs well, it should be preferred to a model with more parameters unless the simple model 
can be “proven to be inadequate” (Newman, 1956).  To prove the inadequacy of a simpler model 
requires a significant increase in performance to be exhibited from the more complex model.  In 
this case, as presented later, performance is measured using the combination of Adjusted R2, 
Modified R2, and the Schwarz information criterion (see footnote 119 on page 127). 
 
Standard error magnitudes: The magnitude of the standard errors for the variables of interest, 
as well as the other controlling variables, are likely to increase in the unrestricted model form 
because the number of cases for each variable will decrease when they are estimated at the study 
area level.  Within each study area, there are a limited number of home transactions that meet the 
criteria for inclusion in the model, but even more limiting is the number of home transactions 
within each study area that have the characteristics of interest.  For example, in Lee County, IL 
(ILLC), there are 205 post-construction home sales, while in Wayne County, PA (PAWC) there 
are 222.  More importantly, in those areas, the data include a total of one and eleven sales inside 
of one mile, respectively, and a total of one and two homes with either EXTREME or 
SUBSTANTIAL rated views of turbines.  With so few observations, there is increased likelihood 
that a single or small group of observations will strongly influence the sample mean of an 
independent variable.  Since the standard error is derived from the variance of the parameter 
estimate, which in turn is derived from the summed deviation of each observation’s actual level 
relative to its sample mean, this standard error is more likely to be larger than if a larger sample 
were considered.   If the presence of wind facilities does have a detrimental effect on property 

                                                                                                                                                             
areas the school district and census tracts perfectly overlapped, and in those cases either both were omitted as the 
reference category or one was included and the other withdrawn from the model to prevent perfect collinearity. 
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values, that effect seems likely to be relatively small, at least outside of the immediate vicinity of 
the wind turbines.  The smaller sample sizes for the independent variables that come with the 
unrestricted model, which may decrease statistical precision by producing larger standard errors, 
would likely decrease the ability to accurately identify these possible effects statistically.  To 
explore the magnitude of this concern, the difference in standard errors of the variables of 
interest is investigated among the restricted and unrestricted models.  
 
Parameter estimate stability: In an unrestricted model, parameter estimates are more likely to 
be unstable because the sample of home transactions with any particular characteristic may be 
small and thus not representative of the population as a whole.  As mentioned above, there are a 
limited number of transactions within each study area that have the characteristics of interest.  
Restricting the sample size by using an unrestricted model increases the likelihood that a limited 
number of observations, which in the population as a whole represent a very small segment, will 
drive the results in one direction or another, thereby leading to erroneous conclusions.  The 
difference in parameter estimates is investigated by comparing the coefficients for the 
unrestricted variables of interest to those for the restricted variables of interest.  Additionally, the 
sign of any significant variables will be investigated for the unrestricted models, which might 
help uncover potentially spurious results. 
 

F.2 Analysis of Alterative Model Forms 
Here the spectrum of alternative models is explored, from the fully restricted equation (1) to the 
fully unrestricted equation (F13).  To do so, not only are these two ends of the spectrum 
estimated, but also 14 intermediate models are estimated that consist of every combination of 
restriction of the four variable groups (i.e., variables of interest, spatial adjustments, study area 
delineations, and home and site characteristics).  This produces a total of 16 models over which 
to assess model parsimony and performance, standard error size, and coefficient stability.  This 
process allows for an understanding of model performance but, more importantly, to ultimately 
define a “Base Model” that is parsimonious (i.e., has the fewest parameters), robust (i.e., high 
adjusted R2), and best fits the purpose of investigating wind facility impacts on home sales prices. 
 
Table A - 2 presents the performance statistics for each of the 16 models defined above, moving 
from the fully restricted model equation (1) (“Model 1”) to the fully unrestricted model equation 
(F13) (“Model 16”).  In columns 2 – 5 of the table, the “R” represents a restriction for this 
variable group (i.e., not crossed with the study areas) and the “U” represents the case when the 
variable group is unrestricted (i.e., crossed with the study areas).  Also shown are summary 
model statistics (i.e., Adjusted R2, Modified R2, and Schwarz information criterion - “SIC”), as 
well as the number of estimated parameters (k). 119  All models were run using the post-
construction data subset of the sample of home sales transactions (n = 4,937). 

                                                 
119 Goldberger (1991), as cited by Gujarati (2003), suggests using a Modified R2 = (1 – k/n) * R2 to adjust for added 
parameters.  For example, Models 1 and 14 have Modified R2 of 0.76, yet Adjusted R2 of 0.77 and 0.78 respectively.  
Therefore the Modified R2 penalizes their measure of explanatory power more than the Adjusted R2 when taking 
into account the degrees of freedom.  Similarly, the Schwarz information criterion penalizes the models for 
increased numbers of parameters (Schwarz, 1978).  More importantly, practitioners often rely on the Schwarz 
criterion – over the Modified or Adjusted R2 statistics - to rank models with the same dependent variable by their 
relative parsimony (Gujarati, 2003).  Therefore it will be used for that purpose here. 
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Model Parsimony and Performance 
Overall, the fully restricted model (1) performs well with only 37 independent variables, 
producing an Adjusted R2 of 0.77.  Despite the limited number of explanatory variables, the 
model explains ~77% of the variation in home prices in the sample.   When the fully unrestricted 
model 16 (equation F13) is estimated, which lies at the other end of the spectrum, it performs 
only slightly better, with an Adjusted R2 of 0.81, but with an additional 285 explanatory 
variables.  It is therefore not surprising that the Modified R2 is 0.76 for Model 1 and is only 0.77 
for Model 16.  Similarly, the Schwarz information criterion (SIC) increases from 0.088 to 0.110 
when moving from model 1 to model 16 indicating relatively less parsimony.  Combined, these 
metrics show that the improvement in the explanatory power of model 16 over model 1 is not 
enough to overcome the lack of parsimony. Turning to the 14 models that lie between Models 1 
and 16, in general, little improvement in performance is found over Model 1, and considerably 
less parsimony, providing little initial justification to pursue a more complex specification than 
equation (1).   

Table A - 2: Summarized Results of Restricted and Unrestricted Model Forms 

Model 1 Study 
Area 2

Spatial 
Adjustment

Home and Site 
Characteristics

Variables 
of Interest Adj R2

Modified 
R2 SIC k †

1 R R R R 0.77 0.76 0.088 37
2 U R R R 0.74 0.73 0.110 111
3 R U R R 0.77 0.76 0.088 46
4 R R U R 0.80 0.78 0.095 188
5 R R R U 0.77 0.76 0.093 88
6 U U R R 0.78 0.76 0.094 120
7 R U U R 0.80 0.77 0.096 197
8 R R U U 0.80 0.77 0.101 239
9 U R U R 0.80 0.77 0.107 262

10 U R R U 0.76 0.75 0.107 162
11 R U R U 0.77 0.76 0.094 97
12 U U U R 0.81 0.77 0.103 271
13 R U U U 0.80 0.77 0.103 248
14 U U R U 0.78 0.76 0.100 171
15 U R U U 0.80 0.76 0.113 313
16 U U U U 0.81 0.77 0.110 322

"R" indicates parameters are pooled ("restricted") across the study areas.

† - Numbers of parameters do not include intercept or omitted variables.

1 - Model numbers do not correspond to equation numbers listed in the report; equation (1) is             
Model 1, and equation (F1) is Model 16.
2 - In its restricted form "Study Area" includes only inter-study area delineations, while unrestricted 
"Study Area" includes intra-study area delineations of school district and census tract.

"U" indicates parameters are not pooled ("unrestricted"), and are instead estimated at the study area 
level.

 
 
The individual contributions to model performance from unrestricting each of the variable 
groups in turn (as shown in Models 2-5) further emphasizes the small performance gains that are 
earned despite the sizable increases in the number of parameters. As a single group, the 
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unrestricted Home and Site Characteristics model (Model 4) makes the largest impact on model 
performance, at least with respect to the Adjusted R2 (0.80), but this comes with the addition of 
151 estimated parameters a slight improvement in the Modified R2 (0.78) and a worsening SIC 
(0.095).  Adding unrestricted Study Area delineations (Model 2), on the other hand, adversely 
affects performance (Adj. R2 = 0.74, Modified R2 = 0.73) and adds 74 estimated parameters (SIC 
= 0.110).  Similarly, unrestricting the Spatial Adjustments (Model 3) offers little improvement in 
performance (Adj. R2 = 0.77, Modified R2 = 0.76) despite adding nine additional variables (SIC 
= 0.088).  Finally, unrestricting the Variables of Interest (Model 5) does not increase model 
performance (Adj. R2 = 0.77, Modified R2 = 0.76) and adds 51 variables to the model (SIC = 
0.093).  This pattern of little model improvement yet considerable increases in the number of 
estimated parameters (i.e., less parsimony) continues when pairs or trios of variable groups are 
unrestricted.  With an Adjusted R2 of 0.77, the fully restricted equation (1) performs more than 
adequately, and is, by far, the most parsimonious.   
 
Standard Error Magnitudes 
Table A - 3 summarizes the standard errors for the variables of interest for all of the 16 models, 
grouped into restricted and unrestricted model categories.  The table specifically compares the 
medians, minimums, and maximums of the standard errors for the models with restricted 
variables of interest (1, 2, 3, 4, 6, 7, 9 and 12) to those with unrestricted variables of interest (5, 8, 
10, 11, 13, 14, 15 and 16).120  The table demonstrates that the unrestricted standard errors for the 
variables of interest are significantly larger than the restricted standard errors.  In fact, the 
minimum standard errors in the unrestricted models are often higher than the maximum standard 
errors produced in the restricted models.  For example, the maximum standard error for an 
EXTREME VIEW in the restricted models is 0.09, yet the minimum in the unrestricted models is 
0.12, with a maximum of 0.34.  To put this result in a different light, a median standard error for 
the unrestricted EXTREME VIEW variable of 0.25 would require an effect on house prices 
larger than 50% to be considered statistically significant at the 90% level.  Clearly, the statistical 
power of the unrestricted models is weak.121  Based on other disamenities, as discussed in 
Section 2.1, an effect of this magnitude is very unlikely.  Therefore, based on these standard 
errors, there is no apparent reason to unrestrict the variables of interest. 

                                                 
120 For the restricted models, the medians, minimums, and maximums are derived across all eight models for each 
variable of interest.  For the unrestricted models, they are derived across all study areas and all eight models for each 
variable of interest.   
121 At 90% confidence a standard error of 0.25 would produce a confidence interval of roughly +/- 0.42 (0.25 * 
1.67).  An effect of this magnitude represents a 52% change in sales prices because sales price is in a natural log 
form (e ^ 0.42-1 = 0.52). 



 

 130 

Table A - 3: Summary of VOI Standard Errors for Restricted and Unrestricted Models 

Median Min Max Median Min Max
Minor View 0.01 0.01 0.02 0.05 0.03 0.07
Moderate View 0.03 0.03 0.03 0.10 0.06 0.18
Substantial View 0.05 0.05 0.06 0.19 0.10 0.29
Extreme View 0.08 0.08 0.09 0.25 0.12 0.34
Inside 3000 Feet 0.05 0.05 0.06 0.21 0.09 0.33
Between 3000 Feet and 1 Mile 0.04 0.04 0.05 0.13 0.08 0.40
Between 1 and 3 Miles 0.02 0.02 0.02 0.05 0.02 0.11
Between 3 and 5 Miles 0.01 0.01 0.02 0.05 0.02 0.10

Unrestricted Models
Standard ErrorsStandard ErrorsStandard Errors

Restricted Models

 
 
Parameter Estimate Stability 
Table A - 4 summarizes the coefficient estimates for the variables of interest for all of the 16 
models.  The table specifically compares the medians, minimums, and maximums of the 
coefficients for the models with restricted variables of interest (1, 2, 3, 4, 6, 7, 9 and 12) to those 
with unrestricted variables of interest (5, 8, 10, 11, 13, 14, 15 and 16).  As shown, the 
coefficients in the unrestricted models diverge significantly from those in the restricted models.  
For example, in the restricted models, the median coefficient for homes inside of 3000 feet is      
-0.03, with a minimum of -0.06 and a maximum of -0.01, yet in the unrestricted models the 
median coefficient is 0.06, with a minimum of -0.38 and a maximum of 0.32.  Similarly, a 
MODERATE VIEW in the restricted models has a median of 0.00, with a minimum of -0.01 and 
a maximum of 0.03, whereas the unrestricted models produce coefficients with a median of -0.05 
and with a minimum of -0.25 and a maximum of 0.35.  

Table A - 4: Summary of VOI Coefficients for Restricted and Unrestricted Models 

Median Min Max Median Min Max
Minor View -0.02 -0.03 0.00 -0.02 -0.16 0.24
Moderate View 0.00 -0.01 0.03 -0.05 -0.25 0.35
Substantial View -0.01 -0.04 0.02 -0.08 -0.31 0.13
Extreme View 0.03 0.02 0.05 -0.03 -0.23 0.09
Inside 3000 Feet -0.03 -0.06 -0.01 0.06 -0.38 0.32
Between 3000 Feet and 1 Mile -0.04 -0.06 -0.01 -0.10 -0.44 0.52
Between 1 and 3 Miles -0.01 -0.03 0.02 0.00 -0.23 0.40
Between 3 and 5 Miles 0.02 0.01 0.04 0.05 -0.05 0.32

Unrestricted Models
CoefficientsCoefficients

Restricted Models
Parameters

 
 
Turning from the levels of the coefficients to the stability of their statistical significance and sign 
across models more reasons for concern are found. Table A - 5 summarizes the results of the 
unrestricted models, and presents the number of statistically significant variables of interest as a 
percent of the total estimated. The table also breaks these results down into two groups, those 
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with coefficients above zero and those with coefficients below zero.122  It should be emphasized 
here that it is the a priori expectation that, if effects exist, all of these coefficients would be less 
than zero, indicating an adverse effect on home prices from proximity to and views of wind 
turbines.  Despite that expectation, when the variables of interest are unrestricted it is found that 
they are as likely to be above zero as they are below.123  In effect, the small numbers of cases 
available for analysis at the study area level produce unstable results, likely because the 
estimates are being unduly influenced by either study area specific effects that are not captured 
by the model or by a limited number of observations that represents a larger fraction of the 
overall sample in that model.124 

Table A - 5: Summary of Significant VOI Above and Below Zero in Unrestricted Models 

Total
Below 
Zero

Above 
Zero

Minor View 32% 14% 18%
Moderate View 23% 11% 13%
Substantial View 4% 4% 0%
Extreme View 0% 0% 0%
Inside 3000 Feet 23% 15% 8%
Between 3000 Feet and 1 Mile 30% 14% 16%
Between 1 and 3 Miles 56% 32% 24%
Between 3 and 5 Miles 45% 3% 43%

Significant Variables
Unrestricted Models

 

F.3 Selecting a Base Model 
To conclude, it was found that all three concerns related to the estimation and use of an 
unrestricted model form are borne out in practice.  Despite experimenting with 16 different 
combinations of interactions, little overall improvement in performance is discovered.  Where 
performance gains are found they are at the expense of parsimony as reflected in the lack of 
increase in the Modified R2 and the relatively higher Schwartz information criterion.  Further, 
divergent and spurious coefficients of interest and large standard errors are associated with those 
coefficients.  Therefore the fully restricted model, equation (1), is used in this report as the “Base 
Model”. 
                                                 
122 The “Total” percentage of significant coefficients is calculated by counting the total number of significant 
coefficients across all 8 unrestricted models for each variable of interest, and dividing this total by the total number 
of coefficients.  Therefore, a study area that did not have any homes in a group (for example, homes with 
EXTREME VIEWS) was not counted in the “total number of coefficients” sum.  Any differences between the sum 
of “above” and “below” zero groups from the total are due to rounding errors. 
123 The relatively larger number of significant variables for the MINOR rated view, MODERATE rated view, Mile 1 
to 3, and Mile 3 to 5 parameters are likely related to the smaller standard errors for those categories, which result 
from larger numbers of cases. 
124 Another possible explanation for spurious results in general is measurement error, when parameters do not 
appropriately represent what one is testing for.  In this case though, the VIEW variables have been adequately 
“ground truthed” during the development of the measurement scale, and are similar to the VISTA variables, which 
were found to be very stable across study areas.  DISTANCE, or for that matter, distance to any disamenity, has 
been repeatedly found to be an appropriate proxy for the size of effects.  As a result, it is not believed that 
measurement error is a likely explanation for the results presented here.   
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Appendix G: OLS Assumptions, and Tests for the Base Model 
A number of criteria must be met to ensure that the Base Model and Alternative Hedonic Models 
produce unbiased coefficient estimates and standard errors: 1) appropriate controls for outliers 
and influencers; 2) homoskedasticity; 3) absence of serial or spatial autocorrelation; and 4) 
reasonably limited multicollinearity.  Each of these criteria, and how they are addressed, is 
discussed below. 
 
Outliers and Influencers:  Home sale prices that are well away from the mean, also called 
outliers and influencers, can cause undue influence on parameter estimates.  A number of formal 
tests are available to identify these cases, the most common being Mahalanobis’ Distance (“M 
Distance”) (Mahalanobis, 1936) and standardized residual screening.  M Distance measures the 
degree to which individual observations influence the mean of the residuals.  If any single 
observation has a strong influence on the residuals, it should be inspected and potentially 
removed.  An auxiliary, but more informal, test for identifying these potentially influential 
observations is to see when the standardized absolute value of the residual exceeds some 
threshold.  Both the Base Model and the All Sales Model were run using the original dataset of 
7,464 transactions and the 4,940 transactions which occurred post-construction respectively.  For 
both models the standardized residuals and the M Distance statistics were saved.125  The 
histograms of these two sets of statistics from the two regressions are shown in Figure A - 15 
through Figure A - 18.   
 

                                                 
125 For the M Distance statistics all variables of interest were removed from the model.  If they were left in the M-
Distance statistics could be influenced by the small numbers of cases in the variables of interest.  If these parameters 
were strongly influenced by a certain case, it could drive the results upward.  Inspecting the controlling variables in 
the model, and how well they predicted the sale prices of the transactions in the sample, was of paramount 
importance therefore the variables of interest were not included. 
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Figure A - 15: Histogram of Standardized Residuals for Base Model 

 

Figure A - 16: Histogram of Mahalanobis Distance Statistics for Base Model 
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Figure A - 17: Histogram of Standardized Residuals for All Sales Model 

 

Figure A - 18: Histogram of Mahalanobis Distance Statistics for All Sales Model 
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The M Distance histograms suggested that a cutoff of 150 may be appropriate, which would 
exclude 15 cases from the All Sales Model and seven cases from the Base Model (all of the latter 
of which were among the 15 outliers in the All Sales Model).  The Standardized Residual 
histograms suggested a cutoff of 4, 5, or 6, which would exclude 13, 8, and 3 cases from the 
Base Model, and 22, 12, and 5 cases from the All Sales Model.  A case-by-case investigation of 
each of these sales transactions was then conducted by comparing their home characteristics (e.g., 
square feet, baths, age, etc.) against their study area and panel model cohorts to ensure that none 
had been inappropriately coded.  None of the M Distance flagged cases seemed to be 
inappropriately coded, and none of those cases were removed from the final dataset as a result.  
Five cases that were flagged from the All Sales Model (which corresponded to three cases in the 
Base Model) with a Standardized Residual greater than six, however, were clearly outliers.  One 
had a sale price that was more than $200,000 more than any other transaction in the model, and 
the other four had exceptionally low prices, yet high numbers of corresponding characteristics 
that would suggest higher home sales prices (such as over 2000 square feet – all four cases – or 
more than two bathrooms – three cases).   
 
As a result of these investigations, these five cases were removed from the model.  One of the 
five cases occurred prior to announcement, one occurred after announcement and before 
construction, and the other three occurred after construction began.  None were within three 
miles of the nearest wind turbine except one, which was 0.6 miles from the nearest turbine and 
had a MINOR view of the wind facility.  The other two had no views of the turbines.  Although 
there was hesitancy in removing any cases from the model, these transactions were considered 
appropriately influential and keeping them in the model would bias the results inappropriately.  
Further, the one home that was situated inside of one mile was surrounded by five other 
transactions in the same study area that also occurred after construction began and were a similar 
distance from the turbines, but that were not flagged by the outliers screen.  Therefore, its 
removal was considered appropriate given that other homes in the sample would likely 
experience similar effects.   
 
After removing these five cases, the sensitivity of the model results were tested to the inclusion 
or exclusion of the “greater than five” and “greater than four” Standardized Residuals 
observations and the cases flagged by the M Distance screen, finding that parameter estimates 
for the variables of interest moved slightly with these cases removed but not enough to change 
the results significantly.  Because they did not show a unique grouping across the variables of 
interest, nor any unusual potentially inappropriate coding, and, more importantly, did not 
substantially influence the results, no substantive reason was found to remove any additional 
transactions from the sample. Therefore, the final dataset included a total of 7,459 cases, of 
which 4,937 occurred post-construction. 
 
Homoskedasticity: A standard formal test for the presence of homoskedastic error terms is the 
White's statistic (White, 1980).  However, the requirements to perform this test were overly 
burdensome for the computing power available.  Instead, an informal test was applied, which 
plots the regression errors against predicted values and various independent variables to observe 
whether a "heteroskedastic pattern" is in evidence (Gujarati, 2003).  Although no evidence of 
heteroskedasticity was found using this method, to be conservative, nonetheless all models were 
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run with White’s heteroskedasticity correction to the parameter estimates’ standard errors (which 
will not adversely influence the errors if they are homoskedastic).  
 
Serial Autocorrelation: A standard formal test for the presence of serial autocorrelation in the 
error term is the Durbin-Watson statistic (Durbin and Watson, 1951).  Applying this test as 
proposed by Durbin and Watson to the full panel dataset was problematic because the test looks 
at the error structure based on the order that observations are included in the statistical regression 
model.  Any ordering choice over the entire panel data set invariably involves mixing home 
transactions from various study areas.  Ideally, one would segment the data by study area for 
purposes of calculating this test, but that method was not easily implemented with the statistical 
software package used for this analysis (i.e., SAS).  Instead, study area specific regression 
models were run with the data chronologically ordered in each to produce twelve different 
Durbin-Watson statistics, one for each study area specific model.  The Durbin-Watson test 
statistics ranged from 1.98–2.16, which are all within the acceptable range.126 Given that serial 
autocorrelation was not found to be a significant concern for each study area specific model, it is 
assumed that the same holds for the full dataset used in the analysis presented in this report. 
 
Spatial Autocorrelation: It is well known that the sales price of a home can be systematically 
influenced by the sales prices of those homes that have sold nearby (Dubin, 1998; LeSage, 1999).  
Both the seller and the buyer use information from comparable surrounding sales to inform them 
of the appropriate transaction price, and nearby homes often experience similar amenities and 
disamenities.  Therefore, the price for any single home is likely to be weakly dependent of the 
prices of homes in close temporal and spatial proximity.  This lack of independence of home sale 
prices could bias the hedonic results (Dubin, 1998; LeSage, 1999), if not adequately addressed.  
A number of techniques are available to address this concern (Case et al., 2004; Espey et al., 
2007), but because of the large sample and computing limits, a variation of the Spatial Auto 
Regressive Model (SAR) was chosen (Espey et al., 2007).   
 
Specifically, an independent variable is included in the models: the predicted values of the 
weighted nearest neighbor’s natural log of sales price in 1996 dollars.127  To construct this vector 
of predicted prices, an auxiliary regression is developed using the spatially weighted average 
natural log of sales price in 1996 dollars as the independent variable and the spatially weighted 
average set of home characteristics as the dependent variables.  This regression was used to 
produce the predicted weighted nearest neighbor’s natural log of sales price in 1996 dollars that 
is then included in the Base and Alternative Models.  This process required the following steps:  
1) Selecting the neighbors for inclusion in the calculation;  
2) Calculating a weighted sales price from these neighbors’ transactions;  
3) Selecting and calculating the weighted neighbors home characteristics; and  
4) Forecasting the weighted average neighbor’s sales price.   
 
• Selecting the neighbors:  To select the neighbors whose home transactions would most 

likely have affected the sales price of the subject home under review, all of the homes that 
                                                 
126 The critical values for the models were between 1.89 and 2.53, assuming 5% significance, greater than 20 
variables, and more than 200 cases (Gujarati, 2003). 
127 The predicted value was used, instead of the actual value, to help correct for simultaneity or endogeneity 
problems that might otherwise exist. 
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sold within the preceding six months of a subject home’s sale date in the same study area are 
identified and, from those, the five nearest neighbors based on Euclidian distance are selected.  
The inverse of each selected nearest neighbors’ distance (in quarter miles) to the subject 
home was then calculated.  Each of these values was then divided by the sum of the five 
nearest neighbor’s inverse distance values to create a neighbor’s distance weight (NDW) for 
each of the five nearest neighbors.128   

 
• Creating the weighted sales price:  Each of the neighbor’s natural log of sales price in 1996 

dollars (LN_Saleprice96) is multiplied by its distance weight (NDW).  Then, each weighted 
neighbor’s LN_Saleprice96 is summed to create a weighted nearest neighbor 
LN_Saleprice96 (Nbr_LN_Saleprice96).   

 
• Selecting and calculating the weighted neighbors home characteristics: Nine independent 

variables are used from each of the neighbor’s homes: square feet, age of the home at the 
time of sale, age of the home at the time of sale squared, acres, number of full baths, and 
condition (1-5, with Poor = 1, Below Average = 2, etc.).  A weighted average is created of 
each of the characteristics by multiplying each of the neighbor’s individual characteristics by 
their NDW, and then summing those values across the five neighbors to create the weighted 
average nearest neighbors’ home characteristic.129 Then each of the independent variables is 
interacted with the study area to allow each one to be independently estimated for each study 
area. 

 
• Forecasting the weighted average neighbors sales price: To create the final predicted 

neighbor’s price, the weighted nearest neighbor LN_Saleprice96 is regressed on the weighted 
average nearest neighbors’ home characteristics to produce a predicted weighted nearest 
neighbor LN_Saleprice96 (Nbr_LN_SalePrice96_hat). These predicted values are then 
included in the Base and Alternative Models as independent variables to account for the 
spatial and temporal influence of the neighbors’ home transactions. 

 
In all models, the coefficient for this spatial adjustment parameter meets the expectations for sign 
and magnitude and is significant well above the 99% level, indicating both the presence of 
spatial autocorrelation and the appropriateness of the control for it. 
 
Multicollinearity:  There are several standard formal tests for detecting multicollinearity within 
the independent variables of a regression model.  The Variance-Inflation Factor and Condition 
Index is applied to test for this violation of OLS assumptions.  Specifically, a Variance-Inflation 
Factor (VIF) greater than 4 and/or a Condition Index of greater than 30 (Kleinbaum et al., 1988) 
are strong indicators that multicollinearity may exist.  Multicollinearity is found in the model 
using both tests.  Such a result is not uncommon in hedonic models because a number of 
characteristics, such as square feet or age of a home, are often correlated with other 
characteristics, such as the number of acres, bathrooms, and fireplaces.  Not surprisingly, age of 
the home at the time of sale (AgeofHome) and the age of the home squared (AgeatHome_Sqrd) 

                                                 
128 Put differently, the weight is the contribution of that home’s inverse distance to the total sum of the five nearest 
neighbors’ inverse distances. 
129 Condition requires rounding to the nearest integer and then creating a dummy from the 1-5 integers. 
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exhibited some multicollinearity (VIF equaled 11.8 and 10.6, respectively).  Additionally, the 
home condition shows a fairly high Condition Index with square feet, indicating collinearity.  
More importantly, though, are the collinearity statistics for the variables of interest.  The VIF for 
the VIEW variables range from 1.17 to 1.18 and for the DISTANCE variables they range from 
1.2 to 3.6, indicating little collinearity with the other variables in the model.  To test for this in 
another way, a number of models are compared with various identified highly collinear variables 
removed (e.g., AgeatSale, Sqft) and found that the removal of these variables had little influence 
on the variables of interest.  Therefore, despite the presence of multicollinearity in the model, it 
is not believed that the variables of interest are inappropriately influenced.  Further, any 
corrections for these issues might cause more harm to the model's estimating efficiency than 
taking no further action (Gujarati, 2003); as such, no specific adjustments to address the presence 
of multicollinearity are pursued further.   
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Appendix H: Alternative Models: Full Hedonic Regression Results 

Table A - 6: Full Results for the Distance Stability Model 
Coef. SE p Value n

Intercept 7.61 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.33 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.08 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.30 0.03 0.00 291
PAWC -0.07 0.03 0.01 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
Mile Less 0 57 -0.04 0.04 0.29 67
Mile 0 57to1 -0.06 0.05 0.27 58
Mile 1to3 -0.01 0.02 0.71 2,019
Mile 3to5 0.01 0.01 0.26 1,923
Mile Gtr5 Omitted     Omitted     Omitted     870

Model Information  
Model Equation Number 2
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 33
F Statistic 496.7
Adjusted R Squared 0.77

LN_SalePrice96
Distance Stability

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 7: Full Results for the View Stability Model 
Coef. SE Sig n

Intercept 7.64 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.02 0.00 1,071
OKCC -0.45 0.02 0.00 476
IABV -0.25 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.08 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
Post Con NoView Omitted     Omitted     Omitted     4,207
View Minor -0.02 0.01 0.25 561
View Mod 0.00 0.03 0.90 106
View Sub -0.04 0.06 0.56 35
View Extrm -0.03 0.06 0.61 28

Model Information  
Model Equation Number 3
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 33
F Statistic 495.9
Adjusted R Squared 0.77

LN_SalePrice96
View Stability

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 8: Full Results for the Continuous Distance Model 

Coef. SE p Value n
Intercept 7.64 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.02 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.25 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.01 0.01 0.33 561
Moderate View 0.01 0.03 0.77 106
Substantial View -0.02 0.07 0.72 35
Extreme View 0.01 0.10 0.88 28
InvDISTANCE -0.01 0.02 0.46 4,937

Model Information  
Model Equation Number 5
Model Name Continuous Distance Model
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 34
F Statistic 481.3
Adjusted R Squared 0.77

LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 9: Full Results for the All Sales Model 
Coef. SE p Value n

Intercept 9.08 0.14 0.00
Nbr LN SP96 hat All OI 0.16 0.01 0.00 7,459
AgeatSale -0.007 0.0003 0.00 7,459
AgeatSale Sqrd 0.00003 0.000002 0.00 7,459
Sqft 1000 0.28 0.01 0.00 7,459
Acres 0.02 0.00 0.00 7,459
Baths 0.08 0.01 0.00 7,459
ExtWalls Stone 0.21 0.01 0.00 2,287
CentralAC 0.12 0.01 0.00 3,785
Fireplace 0.11 0.01 0.00 2,708
FinBsmt 0.09 0.01 0.00 990
Cul De Sac 0.09 0.01 0.00 1,472
Water Front 0.35 0.03 0.00 107
Cnd Low -0.43 0.04 0.00 101
Cnd BAvg -0.21 0.02 0.00 519
Cnd Avg Omitted     Omitted     Omitted     4,357
Cnd AAvg 0.13 0.01 0.00 2,042
Cnd High 0.22 0.02 0.00 440
Vista Poor -0.25 0.02 0.00 470
Vista BAvg -0.09 0.01 0.00 4,301
Vista Avg Omitted     Omitted     Omitted     1,912
Vista AAvg 0.10 0.01 0.00 659
Vista Prem 0.09 0.03 0.00 117
WAOR Omitted     Omitted     Omitted     790
TXHC -0.82 0.02 0.00 1,311
OKCC -0.53 0.02 0.00 1,113
IABV -0.31 0.02 0.00 822
ILLC -0.05 0.02 0.02 412
WIKCDC -0.17 0.01 0.00 810
PASC -0.37 0.03 0.00 494
PAWC -0.15 0.02 0.00 551
NYMCOC -0.25 0.02 0.00 463
NYMC -0.15 0.02 0.00 693
Pre-Construction Sales Omitted     Omitted     Omitted     2,522
No View 0.02 0.01 0.06 4,207
Minor View 0.00 0.02 0.76 561
Moderate View 0.03 0.03 0.38 106
Substantial View 0.03 0.07 0.63 35
Extreme View 0.06 0.08 0.43 28
Inside 3000 Feet -0.06 0.05 0.23 80
Between 3000 Feet and 1 Mile -0.08 0.05 0.08 65
Between 1 and 3 Miles 0.00 0.01 0.79 2,359
Between 3 and 5 Miles 0.01 0.01 0.58 2,200
Outside 5 Miles 0.00 0.02 0.76 1,000
Pre-Announcement Sales Omitted     Omitted     Omitted     1,755

Model Information  
Model Equation Number 6
Model Name
Dependent Variable
Number of Cases 7459
Number of Predictors (k) 39
F Statistic 579.9
Adjusted R Squared 0.75

All Sales Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 10: Full Results for the Temporal Aspects Model 
Coef. SE p Value n

Intercept 9.11 0.14 0.00
Nbr LN SP96 hat All OI 0.16 0.01 0.00 7,459
AgeatSale -0.007 0.0003 0.00 7,459
AgeatSale Sqrd 0.00003 0.000002 0.00 7,459
Sqft 1000 0.28 0.01 0.00 7,459
Acres 0.02 0.00 0.00 7,459
Baths 0.08 0.01 0.00 7,459
ExtWalls Stone 0.21 0.01 0.00 2,287
CentralAC 0.12 0.01 0.00 3,785
Fireplace 0.12 0.01 0.00 2,708
FinBsmt 0.09 0.01 0.00 990
Cul De Sac 0.09 0.01 0.00 1,472
Water Front 0.35 0.03 0.00 107
Cnd Low -0.43 0.04 0.00 101
Cnd BAvg -0.21 0.02 0.00 519
Cnd Avg Omitted     Omitted     Omitted     4,357
Cnd AAvg 0.13 0.01 0.00 2,042
Cnd High 0.22 0.02 0.00 440
Vista Poor -0.25 0.02 0.00 470
Vista BAvg -0.09 0.01 0.00 4,301
Vista Avg Omitted     Omitted     Omitted     1,912
Vista AAvg 0.10 0.01 0.00 659
Vista Prem 0.09 0.03 0.00 117
WAOR Omitted     Omitted     Omitted     790
TXHC -0.82 0.02 0.00 1,311
OKCC -0.52 0.02 0.00 1,113
IABV -0.30 0.02 0.00 822
ILLC -0.04 0.02 0.05 412
WIKCDC -0.17 0.02 0.00 810
PASC -0.37 0.03 0.00 494
PAWC -0.14 0.02 0.00 551
NYMCOC -0.25 0.02 0.00 463
NYMC -0.15 0.02 0.00 693
"Omitted" = reference category for fixed effects variables                                                      
"n" indicates number of cases in category when category = "1"  
 
Note: Results for variables of interest shown on following page 
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Coef. SE p Value n
No View Omitted     Omitted     Omitted     6,729
Minor View -0.02 0.01 0.20 561
Moderate View 0.00 0.03 0.97 106
Substantial View 0.01 0.07 0.87 35
Extreme View 0.04 0.07 0.59 28
Pre_Anc_Gtr2Yr_Lt1Mile -0.13 0.06 0.02 38
Pre_Anc_2Yr_Lt1Mile -0.10 0.05 0.06 40
Post_Anc_Pre_Con_Lt1Mile -0.14 0.06 0.02 21
Post_Con_2Yr_Lt1Mile -0.09 0.07 0.15 39
Post_Con_2_4Yr_Lt1Mile -0.01 0.06 0.86 44
Post_Con_Gtr5Yr_Lt1Mile -0.07 0.08 0.37 42
Pre_Anc_Gtr2Yr_1_3Mile -0.04 0.03 0.19 283
Pre_Anc_2Yr_1_3Mile 0.00 0.03 0.91 592
Post_Anc_Pre_Con_1_3Mile -0.02 0.03 0.53 342
Post_Con_2Yr_1_3Mile 0.00 0.03 0.90 807
Post_Con_2_4Yr_1_3Mile 0.01 0.03 0.78 503
Post_Con_Gtr5Yr_1_3Mile 0.00 0.03 0.93 710
Pre_Anc_Gtr2Yr_3_5Mile 0.00 0.04 0.93 157
Pre_Anc_2Yr_3_5Mile 0.00 0.03 0.98 380
Post_Anc_Pre_Con_3_5Mile 0.00 0.03 0.93 299
Post_Con_2Yr_3_5Mile 0.02 0.03 0.56 574
Post_Con_2_4Yr_3_5Mile 0.01 0.03 0.66 594
Post_Con_Gtr5Yr_3_5Mile 0.01 0.03 0.68 758
Pre_Anc_Gtr2Yr_Gtr5Mile Omitted     Omitted     Omitted     132
Pre_Anc_2Yr_Gtr5Mile -0.03 0.04 0.39 133
Post_Anc_Pre_Con_Gtr5Mile -0.03 0.03 0.36 105
Post_Con_2Yr_Gtr5Mile -0.03 0.03 0.44 215
Post_Con_2_4Yr_Gtr5Mile 0.03 0.03 0.42 227
Post_Con_Gtr5Yr_Gtr5Mile 0.01 0.03 0.72 424

Model Information  
Model Equation Number 7
Model Name
Dependent Variable
Number of Cases 7459
Number of Predictors (k) 56
F Statistic 404.5
Adjusted R2 0.75

Temporal Aspects Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                                      
"n" indicates number of cases in category when category = "1"
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Table A - 11: Full Results for the Orientation Model 
Coef. SE p Value n

Intercept 7.62 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.33 0.04 0.00 87
Cnd Low -0.44 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.24 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.08 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.01 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.01 0.06 0.92 561
Moderate View 0.00 0.06 0.97 106
Substantial View -0.01 0.09 0.87 35
Extreme View 0.02 0.17 0.89 28
Inside 3000 Feet -0.04 0.07 0.55 67
Between 3000 Feet and 1 Mile -0.05 0.05 0.37 58
Between 1 and 3 Miles 0.00 0.02 0.83 2,019
Between 3 and 5 Miles 0.02 0.01 0.22 1,923
Outside 5 Miles Omitted     Omitted     Omitted     870
Front Orientation -0.01 0.06 0.82 294
Back Orientation 0.03 0.06 0.55 280
Side Orientation -0.03 0.06 0.55 253

Model Information  
Model Equation Number 8
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 40
F Statistic 410.0
Adjusted R Squared 0.77

Orientation Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 12: Full Results for the Overlap Model 
Coef. SE p Value n

Intercept 7.61 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.24 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.03 0.02 0.10 561
Moderate View -0.02 0.04 0.67 106
Substantial View -0.05 0.09 0.57 35
Extreme View -0.03 0.10 0.77 28
Inside 3000 Feet -0.05 0.06 0.41 67
Between 3000 Feet and 1 Mile -0.05 0.05 0.38 58
Between 1 and 3 Miles 0.00 0.02 0.82 2,019
Between 3 and 5 Miles 0.02 0.01 0.22 1,923
Outside 5 Miles Omitted     Omitted     Omitted     870
View Does Not Overlap Vista Omitted     Omitted     Omitted     320
View Barely Overlaps Vista 0.05 0.03 0.09 150
View Somewhat Overlaps Vista 0.01 0.03 0.67 132
View Strongly Overlaps Vista 0.05 0.05 0.31 128

Model Information  
Model Equation Number 9
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 40
F Statistic 409.7
Adjusted R Squared 0.77

Overlap Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                                  
"n" indicates number of cases in category when category = "1"
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What are electric and magnetic fields?
Power frequency (also referred to as extremely low 

frequency or ELF) electric and magnetic fields are present

everywhere that electricity flows. All electrical wires – 

and the lighting, appliances and other electrical devices

they supply – are sources of electric and magnetic fields.

Although they are often referred to together as EMF, electric

fields and magnetic fields are actually distinct components

of electricity (See “Electric vs. Magnetic Fields” sidebar).

Most of the interest regarding possible health effects is

related to magnetic fields. So usually, when the term EMF

level is used, it is the magnetic field strength that is being

referred to or measured.

X-rays, visible light, radio waves, microwaves and power

frequency EMF are all forms of electromagnetic energy

making up an electromagnetic spectrum. On the next page

there is a chart of the electromagnetic spectrum. 

As the chart shows, one property that distinguishes different

forms of electromagnetic energy is the frequency, measured

in hertz (Hz). These frequencies are plotted on the right side

of the spectrum chart. At the lowest end is static or direct

current (DC) electricity with a frequency of 0 Hz. At the

On a daily basis, most of us are exposed to electric and magnetic fields (EMF)

generated by household wiring, lighting, computers and other electrical appli-

ances, such as hair dryers, coffee makers, televisions and power tools. 

Since the 1970s, scientists have been researching possible human health effects

of EMF, particularly certain cancers including brain cancer, lymphoma, breast

cancer and leukemia. This extensive research has not proven a link between

health risks and EMF. 

Canadian electric utilities are committed to supporting EMF research to resolve ongoing questions, as well as to

providing educational materials and facilitating magnetic field measurement for the public and employees.

perspectives
Canadian Electricity Association

February 2006

Electric and Magnetic Fields

Facts on EMF

Electric vs. Magnetic Fields

Electric fields are produced by voltage or electric

charge. An electric field is present, for example,

when an appliance is plugged into an outlet, even 

if it is not turned on. Electric fields are measured 

in Volts per metre (V/m); the higher the voltage, the

greater the electric field.

Magnetic fields are created by the flow of current

in a wire or an appliance. As a result, they are only

present in an appliance when it is switched on. As

the flow (current) increases, so does the strength

of the field.

In North America, magnetic fields in electrical

wiring are most commonly measured in milligauss

or mG (one thousand milligauss equal 1 gauss).

Elsewhere magnetic fields are measured in

microtesla or μT (one thousand μT equal 1 mT, one

million μT equal 1 tesla). One μT equals 10 mG.



upper end (above 1016 Hz - that’s 10,000,000,000 MHz) is

ionizing radiation produced by ultraviolet, X-ray and

gamma ray radiation.

Power frequency EMF has a frequency of 60 Hz. It is at the

lower end of the spectrum near DC electricity and well

below the microwave or RF (radio frequency) radiation 

emitted by cellular phones and radio broadcast transmitters.

As noted on the chart, unlike x-rays and gamma rays,

power frequency EMFs have little energy and no ionizing

or thermal effects on the body.

Exposure and guidelines

Both electric and magnetic fields are strongest at the

source – whether it is a power line or an appliance such as

a hair dryer, dishwasher or microwave oven – and decrease

rapidly when you move away from the source. Magnetic

field exposure from power lines depends primarily on the

current the wires carry and an individual’s distance from the

lines. And while electric fields are easily shielded by trees,

fences and other building materials, magnetic fields pass

through most objects.

In Canada, there are no guidelines or standards on 

acceptable levels of residential EMF exposure. Health

Canada’s It’s Your Health fact sheet on EMF states, “At this

time, Health Canada does not consider guidelines [on EMF

exposure levels] necessary because scientific evidence is

not strong enough to conclude that typical exposures

cause health problems.” Health Canada goes on to state,

“You do not need to take action regarding typical daily

exposures to electric and magnetic fields at extremely low

frequencies.” (Health Canada, April 2004) (See the sidebar

for other information on EMF standards)

Research

Scientists around the world have been researching possible

human health effects of EMF since the 1970s. There are

two main types of research which make up the body of 

scientific knowledge around EMF: epidemiological studies

and laboratory studies. These epidemiological studies and

laboratory studies provide pieces of the puzzle but no 

single study can give us the whole picture.

Epidemiological Studies

In epidemiological studies, researchers try to establish

whether there is a statistical association (mathematical link)

between selected groups of people with certain types of

exposure and certain kinds of disease. The stronger the

statistical association, the greater the probability that the

particular exposure may cause the disease. However, 

epidemiological studies cannot establish a cause and effect

relationship because other possible causes that could

explain the statistical relationship cannot be ruled out.

Some epidemiological studies have suggested a possible

statistical association between exposure to magnetic fields

and some diseases, including childhood leukemia.

Laboratory Studies

Laboratory studies involve exposing cells, tissues, humans

and/or animals to EMF under controlled conditions. These

studies allow researchers to closely control EMF exposure

and provide information about any small scale biological

changes that EMFs may cause.

Laboratory studies have not confirmed that magnetic fields

are the cause of any disease.

The wavy line at the right illustrates the concept that the higher the frequency,

the more rapidly the field varies. The fields do not vary at 0 Hz (direct current)

and vary trillions of times per second near the top of the spectrum. Note

that 104 means 10x10x10x10 or 10,000 Hz. 1 kilohertz (kHz) = 1,000 Hz. 

1 megahertz (MHz) = 1,000,000 Hz.

Courtesy of NIEHS booklet EMF Questions and Answers at:

(http://www.niehs.nih.gov/emfrapid/booklet/intro.htm)
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X-rays, about 1 billion billion Hz, 
can penetrate the body and 
damage internal organs and 
tissues by damaging important
molecules such as DNA. This
process is called "Ionization."

Power-frequency EMF, 50 or 60 Hz
carries very little energy, has 
no ionizing effects and 
usually no thermal 
effects. It can, however, 
cause very weak 
electric currents to 
flow in the body.

Microwaves, several billion Hz, 
can have "thermal" or heating
effects on body tissues.
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Conclusions to date

In light of the evidence and research to date, a number of

conclusions have been drawn by international research

organizations on the health risks associated with EMF:

• Health Canada’s 2004 It’s Your Health fact sheet on

EMF states:

“Research has shown that EMFs from electrical

devices and power lines can induce weak electric 

currents to flow through the human body. However,

these currents are much smaller than those produced

naturally by your brain, nerves and heart, and are not

associated with any known health risks. 

There have been many studies about the effects of

exposure to electric and magnetic fields at extremely

low frequencies. Scientists at Health Canada are aware

that some studies have suggested a possible link

between exposure to ELF fields and certain types of

childhood cancer. However, when all of the studies are

evaluated, the evidence appears to be very weak.”

• Following a 10-year review of scientific research on effects

from exposure to electromagnetic fields, the World Health

Organization’s International EMF Project states:

“In the area of biological effects and medical applica-

tions of non-ionizing radiation approximately 25,000

articles have been published over the past 30 years.

Despite the feeling of some people that more research

needs to be done, scientific knowledge in this area is

now more extensive than for most chemicals. Based on

a recent in-depth review of the scientific literature, the

WHO concluded that current evidence does not 

confirm the existence of any health consequences from

exposure to low level electromagnetic fields. However,

some gaps in knowledge about biological effects exist

and need further research.”

• The Federal-Provincial-Territorial Radiation Protection

Committee (FPTRPC), organized under Health

Canada’s Radiation Protection Bureau, issued a

Position Statement in January, 2005 stating that

adverse health effects from exposure to power-

frequency EMFs at levels normally encountered in

homes, schools and offices have not been established. 

“…FPTRPC is of the opinion that moderate measures

and the participation in the process of acquiring new

In the absence of sufficient data to allow a 

long-term EMF exposure guideline to be 

established, the International Commission on 

Non-Ionizing Radiation Protection (ICNIRP) and

the Institute of Electrical and Electronics

Engineers (IEEE) have proposed exposure 

guidelines which protect workers and the general

public from well-documented immediate biological

effects that can result from direct exposure to

fields well above those typically found in living

environments. These immediate biological effects

could include: stimulation of nerves and muscles,

functional changes in the nervous system, hair

stimulation and other tissues, shocks, burns, and

elevated tissue temperatures.

Typical Canadian exposures fall well below these

international guidelines.

• The International Commission on Non-Ionizing

Radiation Protection (ICNIRP) published

“Guidelines for Limiting Exposure to Time

Varying Electric, Magnetic, and

Electromagnetic Fields (up to 300 GHz)” in

April 1998. It is available at

http://www.icnirp.de/documents/emfgdl.pdf.

• The Institute of Electrical and Electronics

Engineers, Inc. (IEEE) recently produced

“C95.6-2002 IEEE Standard for Safety Levels

with Respect to Human Exposure to

Electromagnetic Fields 0 to 3 kHz 2002”. This

technical document is available for purchase

at http://shop.ieee.org/store/product.asp?

prodno=SH95034

• The Health Canada summary of health effects

and exposure guidelines is available at

http://www.hc-sc.gc.ca/hecs-sesc/ccrpb/

publication/elf_guidelines/toc.htm

EMF Exposure Guidelines
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knowledge are sufficient. These types of activity are

consistent with the Canadian government framework

on precaution.”

• A 1999 report by the U.S. National Institute of

Environmental Health Sciences (NIEHS) following a

seven-year EMF research programme concluded:

“The NIEHS believes that the probability that EMF

exposure is truly a health hazard is currently small. 

The weak epidemiological associations and lack of any

laboratory support for these associations provide only

marginal scientific support that exposure to this agent

is causing any degree of harm”

• The World Health Organization International Agency 

for Research on Cancer (IARC) has classified power

frequency EMF as a 2B carcinogen – a possible 

carcinogen based on unanswered questions of the 

statistical association between magnetic field exposure

and childhood leukemia. IARC found no consistent 

evidence that childhood EMF exposures are associated

with other types of cancers or that adult EMF expo-

sures are associated with increased risk of any kind of

cancer. Other 2B Possible Carcinogens include coffee,

pickled vegetables and gasoline engine exhaust.

What Lies Ahead for EMF Research and Policy

EMF research is on-going, and from time to time health

agencies and organizations, such Health Canada and the

World Health Organization, review the new studies and 

confirm or update their position statements on EMF.

As well, these agencies are looking to “precaution-based

policies” to possibly guide their actions on EMF and other

issues. Precaution-based policies are intended to address

issues where there is some basis for concern, but no 

scientific certainty of a cause and effect relationship.

Generally a precaution–based policy requires that there is

enough evidence to do a risk analysis or a cost/benefit

analysis when considering policy options. It is not intended

to be a replacement for scientific understanding. The

Government of Canada document on precaution is available

at: http://www. pco-bcp.gc.ca/default.asp?Language=E&page=

publications& doc=precaution/precaution_e.htm. The World

Health organization website also contains information 

of precaution.

What are Canadian utilities doing?

The Canadian electricity industry continues to support 

scientific research on EMF and possible long-term effects

on people. CEA member companies also work to 

communicate accurate and up-to-date information to the

public and employees about EMF.

For more information on EMF and the Canadian electricity

industry, please visit our website at

www.canelect.ca/emf.html.

Perspectives is published by the Canadian Electricity Association, 
the voice of Canadian Electricity. 
For more information: info@canelect.ca, (613) 230-9263

For more information on EMF, contact your local 

electricity provider. For a list of quick links, visit:

http://www.canelect.ca/english/managing_issues_

environment_emf_library.html

To find out more about what Health Canada has to 

say on EMF you can visit: http://www.hc-sc.gc.ca. For

the Health Canada summary of health effects and

exposure guidelines, visit: http://www.hc-sc.gc.ca/hecs-

sc/ccrpb/publication/elf_guidelines/toc.htm

The FPTRPC, a joint committee of federal and 

provincial agencies has prepared position statements

on EMF and health effects: http://www.bccdc.org/

content.php?item=196

The Electric and Magnetic Fields Research and Public

Information Dissemination (EMF RAPID) Programme,

led by the U.S. National Institute of Environmental

Health Sciences (NIEHS), has produced an informative

booklet, available online at: http://www.niehs.nih.gov/

emfrapid/booklet/home.htm

The World Health Organization (WHO) is conducting

its International EMF Project to evaluate EMF research

and risks: http://www.who.int/peh-emf/en/

To Learn More



Changing winds.
Everyone knows that the wind is variable. 
Sometimes it blows, other times it doesn’t. 
So how can wind power be a reliable source 
of energy? The answer to that lies in how we 
plan for variability. 

Most turbines are located in sites where 
there’s enough wind to produce electricity 
70-80% of the time. Naturally, the amount 
of electricity produced varies with the wind. 
The way we manage for this variability is to 
locate wind farms in different geographical 
areas so that turbines can take advantage of 
different prevailing winds. The fact is, the wind 
will never stop blowing everywhere at once 
– even within a single wind farm, it’s unlikely 
that all the turbines stop spinning at one 
time. With Canada’s large and varied wind 
resource, there’s no doubt that the wind can 
power us well into the future.

The power of two.
In Canada, we would never rely on wind 
turbines alone to meet the entire country’s 
electricity needs. Instead, we use wind in 
conjunction with other forms of compatible 
energy production.

One example is wind and hydro-electric. 
These two sources of energy are a natural 
fit. In the winter, wind is at its peak, allowing 
hydro to store energy for use when wind 
productivity is lower. Hydro dams can be closed 
relatively quickly allowing water reserves to 
build when peak wind is in full swing.

In the spring and fall, hydro is at its peak 
production and wind energy serves as its 
supplement. It’s interesting to note how 
wind energy can help us better manage our 
precious water resources. 

“Wind has an availability 
factor of 98% – much higher 
than conventional forms of 

energy production.”1

As long as there is wind, there will be wind power.

Peak seasonal power production

Average of wind/hydro complement

Average of wind or hydro alone
Wind Hydro

Winter Summer

W I N D  P O W E R  I S  R E L I A B L E

Wind power is here.
Wind power is determined by more than just how and when the 
wind blows. Wind energy is the culmination of years of studying 
the wind and perfecting the technology that harnesses it.

Wind is reliable and has the power to make a significant 
contribution to Canada’s energy needs. In Denmark, 20% of 
electricity demand is currently met by wind energy. With our 
abundant resource, there’s no reason why we couldn’t follow 
their lead – and the Canadian wind energy industry is here to 
capture that potential.
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Capturing the energy of wind.
Estimating energy productivity is done 
through a calculation called capacity factor.  
If a power plant produced at full capacity 
100% of the time, it would have a capacity 
factor of 100%. Of course, wind is variable, 
so it doesn’t have a 100% capacity factor 
– but neither does any other form of energy. 
No energy source, conventional or otherwise, 
works 100% of the time. It’s simply impossible. 

There are periods when power plants shut 
down for maintenance and repairs. There 
are times when resources run low or when 
unexpected outages occur.

One of the greatest attributes of wind 
is that it blows hardest – and therefore 
generates more electricity – in the winter. 
Wind power offers an opportunity to add 
more green energy to the grid and to add 
it during the coldest months of the year, 
when demand is heavy.

“The variability of wind matches 
the variability of demand. 

Generally wind is strongest in 
cold-weather months when our 

demand for electricity is highest.” 2

Wind turbines are reliable.
Wind-generated power is a reliable source 
of electricity. Wind turbines have one of 
the highest availability factors – a term 
that refers to the reliability of the turbines 
and the percentage of time that a plant 
is ready to generate energy. Wind has an 
availability factor of 98% – much higher than 
conventional forms of energy production. 

Maintenance issues are also much smaller on 
a wind farm. At some conventional power 
plants, the entire plant may have to be shut 
down for repairs whereas at a wind farm 
maintenance takes place one turbine at a time.

Enhanced technology and design 
improvements have also played a part in 
increasing the reliability of wind power 
allowing turbines to generate electricity 
in all but the most extreme weather 
conditions. Plus wind forecasting technology 
has the potential to make wind energy 
more predictable and more reliable than 
ever before.

W I N D  P O W E R  I S  R E L I A B L E

Yes, it’s true; the wind blows some of the places 
all of the time, and all of the places some of the 
time – but it can’t blow everywhere at once.

Wind is variable, but with good site selection, wind 
farms have access to strong and steady winds.

As of June, 2006, Canada’s installed capacity  
was 1,049 MW – enough to power about  
315,000 Canadian homes. 

On line since 2001, PEI Energy Corporation’s 

North Cape Wind Farm – sited in one of 

Canada’s windiest locations – has an installed 

capacity of 10.56 MW. With a capacity factor of 

40%, it generates about 35,000 MWh annually 

– enough to supply 3% of PEI’s electricity 

requirements, or about 5,000 PEI homes.

Together, with other wind farms, PEI will have 

52 MW of installed wind capacity by mid 2007.

It’s estimated that PEI could develop 200 

MW of wind energy by 2015. PEI currently 

imports over 90% of its electricity from New 

Brunswick. By exporting excess wind energy 

during periods when production exceeds 

demand, it’s feasible that PEI could net out as 

an energy self-sufficient province. 

Purchasing agreement: North Cape Wind 

Farm’s power is sold to Maritime Electric 

Company Limited for distribution. Maritime 

Electric can sell the power through their Green 

Power Program, which allows customers to 

purchase it at a premium price. This green 

power premium is passed along to PEI Energy 

Corporation. If the electricity available under 

this program becomes fully subscribed, then 

additional wind powered generators may be 

installed on PEI. 

C A S E  S T U D Y

North Cape Wind Farm, PEI
Owner/operator: 
PEI Energy Corporation

1: Source: http://www.awea.org/faq/tutorial/wwt_basics.html

2: Source: http://www.windpower.org/en/tour/grid/season.htm
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ABOUT STRAY VOLTAGE 

 

STRAY VOLTAGE FACT SHEET 

WHAT IS STRAY VOLTAGE? 

Stray – or ‘tingle’ voltage – is a low-level electrical current or shock (typically under 10 volts) that 
results primarily from an improperly grounded or, in some cases an ungrounded, electrical 
distribution system.   

Stray voltage can be found in any electrical system and is strictly a power distribution issue – improper 
grounding causes low voltage current to travel along a neutral wire.  An electrical wiring system is 
grounded in order to keep voltage potential differences between the neutral wire and the ground, 
below levels that could be considered harmful.   

While potential exists for stray voltage in residential areas, it is most commonly found at agricultural 
operations and is often attributed to poor grounding of the neutral wiring system in an environment 
where the presence of water increases conductivity between points of contact.   

Stray voltage is unwanted electricity that in some cases can pose a safety risk to animals – and to lesser 
degree, humans – that come in contact with it.   

Farming operations are especially susceptible to incidences of stray voltage for two key reasons:  

1) Many working farms have electrical systems and wiring that have not been fully updated to 
current electrical codes and standards 

2) Farms have a higher number of potential contact points (e.g., metal), water and wet conditions, 
i.e. feed bowls and wet concrete floors 

WHAT’S IN A TERM? 

The term ‘stray voltage’ is often misused due to poor understanding of its cause.  
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Stray voltage has incorrectly been called ‘dirty electricity’, implying that some forms of electricity are 
better or cleaner than others.  Electricity from all sources is equally ‘clean’.  Stray voltage has also been 
confused with electricomagnetic fields (EMF), grounding systems or even naturally-occurring current 
found in the earth.  

ANIMAL REACTION TO STRAY VOLTAGE 

Stray voltage may affect farm animals through nerve stimulation, causing a ‘tingling’ effect.  

This so-called ‘tingle’ can occur when the animal comes in contact with two points that have a voltage 
potential – such as a metal dish filled with water and a wet concrete floor - creating a path for current 
(electricity) to flow through the animal. 

This nerve stimulation may have an effect on an animal’s behaviour directly – in the form of involuntary 
muscle contractions and/or pain; or indirectly in the form of behavioral responses such as reduced food 
and water intake, or proving difficult to handle.  

All electrical current must be respected as potentially harmful and stray voltage, although present in low 
amounts, is no different.  Based on research, levels below 1 V are considered to be inconsequential, and 
generally not believed to cause behavioral changes in farm animals. 

DETECTING AND REPAIRING INCIDENCES OF STRAY VOLTAGE 

In most cases the source of stray voltage can be identified, allowing it to be either mitigated or 
eliminated.   

Suspected cases of stray voltage should be investigated by an inspector from a local utility operator such 
as Hydro One, Toronto Hydro, etc., as it is a common distribution issue for farm operators as a result of 
inconsistent wiring quality. A utility inspector will investigate the farm’s existing wiring system to ensure 
proper installation, wire condition and code compliance.  An inspector will seek to isolate the source of 
neutral-to-earth (ground) voltage through measurement of voltage at various points within the electrical 
system. This helps to determine whether the issue is related to on-farm wiring and distribution or 
whether the issue is related to the electrical distribution system off the farm.   

COUNTERING INCIDENCES OF STRAY VOLTAGE IN ONTARIO 

In 2007, the province of Ontario began an extensive research and consultation process into the 
phenomenon of stray voltage and its effects on the farm sector.  In 2009, the Ontario Energy Board 
(OEB) enacted code amendments detailing procedures and methodology for dealing with incidences of 
stray voltage.  
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As part of its two-year research and consultation process, the OEB employed Dr. Douglas J. Reinemann, 
a Professor of Biological Systems Engineering and a leading authority on stray voltage to review studies 
and literature on the subject.  

Recognizing stray voltage’s connection to farming operations, Dr. Reinemann sought to further clarify 
the term ‘stray voltage’ by further defining it as “…a low-level electrical shock that can produce 
sensation or annoyance in farm animals”.  He also further specifies the term as “a special case of voltage 
developed on the grounded neutral system of a farm”. 

STRAY VOLTAGE AND WIND ENERGY 

There has been much confusion on the topic of stray voltage, and wind turbines have at times been 
inappropriately linked as direct sources of stray voltage.  

Stray voltage is a potential symptom in any system of electrical distribution, regardless of source and is 
especially prevalent on working farms. Wind turbines are often located in agricultural areas, connecting 
to the provincial electricity grid with farm operators leasing the land on which the turbines sit.  Through 
improved regulation and electrical code enforcement, incidences of stray voltage will be increasingly 
detected and eliminated.  
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Wind energy is generating affordable, 
clean electricity while creating new jobs 
and economic development opportunities 
in communities across the country. Here 
are some of the economic benefi ts being 
realized today – and opportunities 
for tomorrow. 

Canada is now the ninth largest producer of wind 
energy in the world with current installed capacity at 
5,403 MW – representing about 2.3 per cent of 
Canada’s total electricity demand.

Canada enjoyed a record year in 2011 the addition of 
1,267 MW of new wind energy capacity to provincial 
grids, representing an investment of $3.1 billion and 
creating 13,000 person-years of employment.

2011 was also a record year for new wind energy 
installations in Ontario with more than 500 MW 
installed by the end of year.

More than 6,000 MW of wind energy projects are 
already contracted to be built in Canada over the next 
fi ve years.

Ontario is expected to install more than 5,600 MW 
of new wind energy capacity by 2018, creating 
80,000 person-years of employment, attracting 
$16.4 billion of private investments (with more than 
half of that invested in the province), and contributing 
more than $1.1 billion of revenue to municipalities 
and landowners in the form of taxes and lease pay-
ments over the 20-year lifespan of the projects.1

Wind energy drives jobs and local benefi ts at prices 
that are competitive with other new sources of elec-
tricity. According to new research from Bloomberg 
New Energy Finance: “The cost of electricity from 
onshore wind turbines will drop 12 per cent in the 
next fi ve years thanks to a mix of lower-cost equip-
ment and gains in output effi ciency.” 

CanWEA believes that wind energy can satisfy 
20 per cent of Canada’s electricity demand by 2025. 
The benefi ts of achieving this vision are many:
 – $79 billion in new investment
 – 52,000 new high quality jobs

– $165 million in annual revenues for municipalities
 – Reducing Canada’s annual greenhouse gas 

emissions by 17 megatonnes  

1  The Economic Impacts of the Wind Energy Sector in Ontario 2011 – 2018, by 
ClearSky Advisors, http://www.canwea.ca/wind-energy/talkingaboutwind_e.php

WINDVISION 2025
POWERING CANADA’S FUTURE

WIND BY THE NUMBERS:
ECONOMIC BENEFITS 
OF WIND ENERGY 



CanWEA released a wind vision for British Columbia 
which called on the BC government to install 5,250 MW 
of cost-competitive and low-impact wind power capac-
ity by 2025. This would generate $16 billion in new 
investment with $3.7 billion flowing directly to BC 
communities and meet 17 per cent of BC’s total 
electricity demand. Download CanWEA’s WindVision 
2025 – A Strategy for British Columbia at:  
www.canwea.ca/windvision_bc_e.php

CanWEA’s WindVision 2025 – A Strategy for Quebec 
proposes that an average of 800 MW of wind energy 
capacity be added each year between 2016 and 
2025 – for a total of 8,000 MW – increasing wind 
energy to 20 per cent of Quebec’s overall installed 
capacity for electricity generation. This long-term 
objective would stimulate $25 billion in industry 
investment and create nearly 91,000 new  
construction jobs. Download the report at:  
www.canwea.ca/windvision_quebec_e.php. 

WINDVISION 2025
POWERING CANADA’S FUTURE www.canwea.ca

Wind Farm Province Date Installed # of Turbines Total Capacity 
(Megawatts) Developer/Operator

Dokie Wind Project BC 2011/02 48 144.00 Dokie General Partnership

Wintering Hills AB 2011/12 55 88.00 Suncor

Red Lilly Wind Energy Project SK 2011/02 16 26.40 Red Lily Wind Energy Partnership/
Algonquin Power

St. Joseph MB 2011/02 60 138.00 Pattern Energy

North Maiden Wind Farm ON 2011/01 5 10.00 Boralex Inc.

Kruger Energy Chatham Wind ON 2011/01 44 101.20 Kruger Energy

Raleigh Wind Energy Centre ON 2011/01 52 78.00 Invenergy LLC

Kent Breeze Wind Farm ON 2011/05 8 20.00 Suncor Energy Inc.

Greenwich Renewable Energy 
Project

ON 2011/11 43 98.9 Enbridge & RES Canada

Pointes Aux Roches ON 2011/12 27 48.60 International Power/GDF Suez

Comber East ON 2011/12 36 82.80 Brookfield

Comber West ON 2011/12 36 82.80 Brookfield

Mont Louis QC 2011/09 67 100.50 Northland Power

Montagne-Sèche Wind Farm QC 2011/11 39 58.5 Cartier Énergie Éolienne

Gros Morne Phase I QC 2011/12 67 100.50 Cartier Énergie Éolienne

Lameque Wind Power Project NB 2011/03 30 45.00 Acciona Lameque GP Inc.

Glen Dhu (2011 commissioned) NS 2011/03 18 41.40 Shear Wind

Watts Wind NS 2011/03 1 1.50 Watts Wind Inc.

Spiddle Hill Phase I NS 2011/07 1 0.80 Colchester-Cumberland Wind Field Inc.

New wind farms built in 2011

BC
AB

SK

MB
ON QC

NB
NS

PE

NL

NUNT
YT

247.5 
MW 891

MW

197.6
MW

1,057
MW

242
MW

0.810 MW

1,969.5 MW
285.6 MW

163.6 MW

54.7 MW

294 MW

Canada’s current 
installed capacity:

5,403 MW

Current as of March 2012



WIND FACTS

www.canwea.ca

Wind is an affordable source of new energy supply that protects against unpredictable fuel 
and carbon costs.

Any new source of electricity generation is going to cost more than the current 
generating plants, built and paid for decades ago, that now supply most of Canada’s 

electricity. Among today’s options, wind energy stacks up well. Wind is extremely 
competitive with new installations of coal, hydro, and nuclear power, when the cost 
of health and environmental impacts are considered.1, 2

The price we pay for wind today, though, is only one part of its value proposition.

Wind turbines do not use fossil fuels for producing electricity; this means that 
once a wind farm is built, the price of the electricity it produces is set and remains 
at that level for the entire life of the wind farm. In a time of increasing price 
volatility of traditional sources of energy, the price stability from wind farms 

Wind energy is generating clean electricity, new 
jobs and economic development opportunities 
in communities across the country. While wind 
energy has enjoyed growing success in many 
countries for several decades, it is a relatively 
new contributor to the power system here in 
Canada. As such, it is natural for people to ask 
questions. As a responsible industry, we are commit-
ted to ensuring Canadians have the most up-to-date 
factual information on wind energy.  

Wind Energy: A Reliable and Affordable Source of Power

PRICING

WINDVISION 2025
POWERING CANADA’S FUTURE

(continued on next page)



provides important protection for consumers. There is no 
guarantee, for example, that natural gas will remain at 
today’s low prices over the long term. Natural gas prices 
vary over time with changes in supply and demand – just a 
few years ago electricity from natural gas-fired projects 
was more expensive than electricity from wind.

Because wind requires no fuel, produces very little waste 
and consumes barely any water during operation, it also 
provides a hedge against the risk and uncertain costs of 
complying with future greenhouse gas emission restrictions 
and other environmental regulations.

The California Energy Commission calculates that 
a new gas-fired combined cycle power plant has a 
levelized cost of operation of $115 per MWh.4 Add 
$20/MWh to cover the estimated cost of environmental 
and health damages5 and the total is $135/MWh – 
exactly the same as Ontario’s feed-in tariff rate for 
onshore, non-community based wind energy.

Sources:
1. Mining coal, mounting costs: The life cycle  

consequences of coal. Centre for Health and  
The Global Environment, Harvard Medical  
School, January 2011

2. Behind the switch: pricing Ontario electricity 
options, The Pembina Institute, July 2011

3. The True Cost of Renewable Energy and 
Conservation, Environmental Commissioner of 
Ontario, March 2011. http://www.eco.on.ca/
blog/2011/03/22/the-true-cost-of-renewable-
energy-and-conservation/

4. Comparative Costs of California Central Station 
Electricity Generation. (California Energy 
Commission, January 2010). Table 4, page 3

5. Cost Benefit Analysis: Replacing Ontario’s Coal-
Fired Electricity Generation. (DSS Management 
Consultants, RWDI Air Inc; April 2005), page ii.

WHAT DO THE EXPERTS SAY?
In 2010, the Ontario Power Authority paid electricity 
resource costs of $317 million for conservation programs, 
and $269 million for renewables. That is a lot of money 
– but you must realize that it is recovered over a total 
Ontario consumption in 2010 of 142 terawatt hours (that’s 
142,000,000,000 kWh), which amounts to 0.4 cents per kWh 
(split roughly equally between conservation and renewable 
subsidies). So the cost of conservation and all the renewable 
subsidies in 2010 amounted to 0.4 cents of the 13 cents we 
paid for a kWh in our homes.3  

Nova Scotia Premier Darrell Dexter, March 2010

“Once the investment is made, you have a 
secure price for that power over many, many 
years. So we’re looking for certainty in the 
electricity supply. This is one way to take out 
some of the volatility in the marketplace.”

WINDVISION 2025
POWERING CANADA’S FUTURE www.canwea.ca

Jurisdictions in Canada and around the world have 
developed strategies for capturing the value that wind 
energy brings to a power system. Feed-in tariffs (FIT), 
used successfully in countries like Germany, Spain, and 
France, are a well-established way of creating a stable 
market for renewable energy investment by providing 
predictable revenue to wind producers and increasing 
their access to financing. Ontario’s FIT program is the 
first of its kind in North America, and is helping attract 
billions of dollars in new investment to the province.

Interested in learning more? 
The Oil Drum, an energy information website, analyzes  
the cost of wind, the price of wind, the value of wind  
(www.theoildrum.com/node/5354). Lazard’s  
Levelized Cost of Energy Analysis (www.blog. 
cleanenergy.org/files/2009/04/lazard2009_ 
levelizedcostofenergy.pdf) and the World  
Economic Forum’s report on Green Investing 2011  
(www.weforum.org/reports/green-investing-2011) 
compare the cost of some generating technologies.
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There are a number of factors that impact property values and it is diffi cult to isolate 
the potential impact of any single variable. What we do know is that multiple stud-

ies have consistently found no evidence that wind energy projects around 
the world are negatively impacting property values. In fact, wind energy 

projects provide new sources of stable revenue for municipalities and 
landowners in the form of taxes and lease payments.

A 2010 study conducted in Chatham-Kent, Ontario, found there was 
no statistically relevant relationship between the presence of a wind 
project and negative effects on property values.1

Wind energy is generating clean electricity, new 
jobs and economic development opportunities in 
communities across the country. While wind energy 
has enjoyed growing success in many countries for 
several decades, it is a relatively new contributor to 
the power system here in Canada. As such, it is natural 
for people to ask questions. As a responsible industry, we 
are committed to ensuring Canadians have the most up-to-date 
factual information on wind energy. 

Wind Energy: Providing Signifi cant Local Economic Benefi ts

PROPERTY VALUES

WINDVISION 2025
POWERING CANADA’S FUTURE

(continued on next page)



A similar analysis by the US Department of Energy’s 
Lawrence Berkeley National Laboratory found that proxim-
ity to wind energy facilities does not have a pervasive or 
widespread adverse effect on the value of nearby homes. 
Researchers examined 7,500 single-family property sales 
between 1996 and 2007, covering a time span from before 
the wind farms were announced to well after construction 
and operation. 2

“In the study area, where wind farms were 
clearly visible, there was no empirical 
evidence to indicate that rural residential 
properties realized lower sales prices than 
similar residential properties within the 
same area that were outside the viewshed 
of a wind turbine.”

Sources:
1. Wind Energy Study - Effect on Real Estate Values in the Municipality of Chatham-Kent (Canning Consultants Inc. and  
John Simmons Realty Services Ltd., February 2010)

2. The Impact of Wind Power Projects on Residential Property Values in the United States: A Multi-Site Hedonistic Analysis 
(Ben Hoen, Ryan Wiser, Peter Cappers, Mark Thayer, and Gautam Sethi, December 2009)

3. Wind Farm Proximity and Property Values: A Pooled Hedonistic Regression Analysis of Property Values in Central Illinois 
(Jennifer L. Hinman, May 2010)

WHAT DO THE EXPERTS SAY?

Wind Energy Study – Effect on Real Estate  
Values in the Municipality of Chatham-Kent

The Impact of Wind Power Projects on Residential 
Property Values in the United States: A Multi-Site 
Hedonistic Analysis

“Based on the data sample and analysis 
presented here, no evidence is found that 
home prices surrounding wind facilities are 
consistently, measurably, and significantly 
affected by either the view of wind facilities or 
the distance of the home to those facilities.”

Wind Farm Proximity and Property Values: A Pooled Hedonistic  
Regression Analysis of Property Values in Central Illinois

“During the operational stage of the wind farm project, 
when property owners living close to the wind turbines 
actually had a chance to see if any of their concerns 
materialized, property values rebounded.”

WINDVISION 2025
POWERING CANADA’S FUTURE www.canwea.ca

A 2010 study looking at property values near the 
396 MW Twin Groves Wind Farm in Illinois found prices 
were negatively affected before the wind farm was 
built, but rebounded after it was in place.3 
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Disclaimer 
The materials ClearSky Advisors Inc. (ClearSky Advisors) provides will reflect ClearSky Advisors’ 
judgment based upon the information available to ClearSky Advisors. ClearSky Advisors disclaims any 
other representations or warranties, express or implied, including without limitation any implied 
warranties of merchantability, fitness for a particular purpose or non-infringement. This report is based 
on sources believed to be reliable, but no independent verification has been made nor is its accuracy or 
completeness guaranteed. ClearSky Advisors is an independent research firm that does and seeks to do 
business with all stakeholders within the industries covered in ClearSky Advisors research. Investors 
and decision-makers should consider ClearSky Advisors research as only a single factor in making their 
key decisions. 
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1 Executive Summary 

1.1 Key Highlights 
The wind energy sector in Ontario will generate a significant amount of both electricity and economic 
activity over the course of 2011 through 2018.  Specifically, during this timeframe, the sector is 
expected to: 

 Install over 5.6 GW of wind energy capacity, bringing Ontario’s total wind energy capacity to  
7.1 GW by 2018; 

 Create 80,328 job years (Person-Years of Employment or PYE);  
 Attract $16.4billion of private investments of which $8.5billion will be invested locally in 

Ontario; this investment is entirely private investment, and is only to be paid back upon the 
production of power over the lifespan of the turbines; and 

 Contribute more than $1.1billion of revenue to local Ontario municipalities and landowners in 
the form of taxes and lease payments over the 20-year lifespan of projects installed in 2011 -
2018. 

 

Figure 1.1: Cumulative Private Sector Investment for Wind Turbine Installations in Ontario, Expected Scenario 2011-2018 

 

  

0

2

4

6

8

10

12

14

16

18

2011 2012 2013 2014 2015 2016 2017 2018

$ 
B

ill
io

ns
 

Year 

Cumulative Private Sector Investment for Expected Wind Turbine 
Installations in Ontario 

Total Ontario-Based Investment Total Industry Investment
Source: ClearSky 

Advisors Inc. 2011  



The Economic Impacts of the Wind Energy Sector in Ontario 2011-2018  May 2011 

 
© ClearSky Advisors Inc. 2011 Page 4 
 

Of the over 5.6 GW of wind energy capacity installed from 2011 to 2018: 

 On average 709 MW will be installed per year; and 
 The market will have a capacity for up to 900 – 1,000 MW of installations per year. 

 

Figure 1.2: Annual Wind Energy Installations in Ontario (in MW), Expected Scenario (2011-2018) 

The $1.1billion of revenue to local Ontario municipalities will be paid out over the 20-year lifespan of 
projects and will consist of: 

 Over $1billion in lease payments paid to landowners 
 Over $145million in taxation paid to local municipalities 

 

The 80,328 PYE corresponds to 14.1 PYE per MW of nameplate capacity, split between: 

 10.5 PYE per MW in the construction phase; and  
 3.6 PYE per MW for ongoing operations and maintenance. 

Note: These figures are ONLY for the projects forecast for installation in 2011 through 2018.  The actual 
number of jobs is likely to be higher because no jobs are included for export, pre-contract development, 
or any ongoing installations after 2018.  Furthermore, we have only considered direct and indirect jobs 
and not induced jobs. Therefore, these numbers are conservative for all years. The drop-off in 
employment after 2017 would only occur if exports and continued project awards beyond 2018 did not 
materialize. 
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Figure 1.3: Person Years of Employment Created by the Wind Energy Sector in Ontario, Expected Scenario 2011-2018 

To illustrate, for a sample 100 MW nameplate capacity wind energy generation project installed in 
Ontario: 

Table 1.1: Summary of 100 MW Project Sample Costs, Benefits, and Employment 

100 MW Project Sample Costs, Benefits, and Employment 

Expected Cost 

Total Lifetime Cost (in 2011 $) $337,530,679 

Total 20 Year O&M Cost $68,501,669 

Total Expected Installation Cost $269,029,010 

20 Year Economic 
Benefits to 

Landowners and 
Municipalities 

Total 20 Year Economic Benefits $41,271,945  

20 Year Lease Payments  $38,668,407 

20 Year Tax Payments $2,603,538 

Expected PYE 

Total 1,416 

Construction Phase 1,052 

O&M Phase 363 

Source: ClearSky Advisors 2011 
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1.2 Methodology for Data Collection and Analysis 
Primary data was collected through interviews with a wide range of industry stakeholders. In total, 
ClearSky Advisors conducted 43in-depth interviews to develop a comprehensive understanding of the 
economics of the wind energy sector in Ontario. Occasionally, the in-depth interviews would be 
complemented by emails to ensure that all necessary details were obtained from the interviewees.  
Overall, we interviewed: 

 Large and small project developers, representing over 92% of the MW volume of connected 
projects and contracts offered to date; 

 Leading independent engineering, construction, and consulting firms; and 
 Manufacturers (both at the OEM and Tier 1 level), representing over 99% of the installed wind 

capacity in the province of Ontario. 

The high rate of participation by interviewees in this study means that we are very comfortable that the 
data collected is representative of the current wind industry in Ontario. 

In conjunction with the in-depth interviews, research from secondary resources was conducted to 
further inform interviews, cross-check interview findings, compare Ontario-based findings in a global 
perspective, and generally to enhance the understanding of the intricacies of the economics of the 
Ontario wind energy sector. Notable examples of secondary sources include: 

 Publications by the Ontario Power Authority (OPA) including Ontario’s Long-Term Energy 
Plan (LTEP), Integrated Power System Plan (IPSP) and quarterly updates; 

 Peer-reviewed studies from academic sources and publications; and 
 Statements and plans by the Ministry of Energy, IESO, and OPG. 

Forecasts for job creation and ratepayer impact were generated through a ClearSky Advisors model 
that incorporates established and recognized 3rd party tools (Jobs and Economic Development Impact 
Model-W1.10.2)1 with in-house modelling. Inputs for the model were taken from ClearSky Advisors’ 
market modeling as well as trusted 3rd party sources. In particular, economic multipliers specific to 
Ontario were obtained from Statistics Canada, job creation data was taken from peer reviewed 
publications, and price data was taken from sources such as the Ontario Power Authority, Ontario’s 
Ministry of Energy and Moody`s Investment Service. Cost data for fossil fuels includes environmental 
and health externalities where they have been quantified by either peer reviewed publications or 
government data. Given the controversy around including externalities, we have used conservative and 
verifiable estimates and identified where we have used them wherever possible.  Additional costs for 
nuclear (including waste management and insurance) are not included.  

Job creation outcomes are tailored to reflect domestic content requirements in the province and other 
characteristics of Ontario’s Feed-in Tariff program. Person-years of employment (PYE) include only 
direct and indirect jobs (induced jobs would be additional to figures reported here). 

  

                                                                    
1 National Renewable Energy Laboratory (NREL), Jobs and Economic Development Impact (JEDI) Model. 
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2 Introduction 

2.1 Background 
The purpose of this study is to provide an understanding of the economic impact of Ontario’s wind 
energy industry for the period 2011 – 2018. Specifically, the report considers the wind industry within 
the context of and parameters laid out by the Ontario Government in the Long Term Energy Plan 
(LTEP) that was released in November 2010. In the LTEP, the Ontario Government covers both demand 
for and supply of energy for the period 2011 to 2030, including the supply mix, conservation plans and 
the transmission system. 

Based on the targets laid out in the LTEP, the wind energy industry is entering a period of strong 
growth. By 2018, the Ontario Government is targeting a wind energy generation capacity of 7.1 GW, a 
number that amounts to an almost five-fold increase from the capacity of 1,428 MW which was in-
service at the end of 20102.  

This study is concerned with quantifying the economic impacts of this growth from 2011 to 2018 on the 
Ontario economy and for a range of different stakeholders including: 

 Wind energy project developers; 
 Wind energy equipment design, supply and manufacturing firms; 
 Construction and transportation firms; 
 Job seekers; 
 Municipalities and landowners that host wind farms; and 
 Equity and debt providers. 

The study was commissioned by the Canadian Wind Energy Association (CanWEA) and has been 
conducted by ClearSky Advisors on an independent basis. Our mandate has been to produce facts, 
analysis, and forecasts but not to offer any recommendations. 

2.2 Scope 
There are three primary areas of focus for this report: 

1. Ontario wind energy market economics from 2011-2018 
2. Ontario wind energy market labour forecast from 2011-2018 
3. Job multipliers for both the construction and operations phases of wind energy projects in 

Ontario 

Specifically, this report examines the following: 

1. Ontario wind energy generation market economics from 2011-2018 
 Annual and total forecast (in MWh) for the Ontario electricity market; 
 Annual and total forecast (both in MW and dollar value) for the wind energy market in 

Ontario, including both the construction and operations phases; 

                                                                    
2 Ontario Power Authority. (2010). Progress Report on Electricity Supply, 4th Quarter 2010. 
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 Analysis of the market opportunity for each major service and supply segment during 
the construction phase as identified in the Ontario Power Authority’s domestic content 
grid; 

 Forecast for the annual and total value of the operations and maintenance market to 
support wind energy generation during the operations phase; 

 Forecast for the share of the market to be captured by the Ontario supply and value 
chain; and 

 Forecast for the dollar value of benefits to landowners and communities in Ontario. 
2. Ontario wind energy generation market labour forecast from 2011-2018: 

 Annual direct and indirect employment during both the construction and operations 
phases; and 

 Employment breakdown by supply and value chain segments. 
3. Job multipliers for the construction and operations phases of wind energy generation in Ontario 
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3 Market Forecast 
The wind energy sector in Ontario is expected to grow significantly from 2011-2018.  Specifically, the 
market is expected to: 

 Install an additional 5.6 GW of wind energy capacity by 2018, bringing Ontario’s total wind 
energy capacity to 7.1 GW by 2018. 

 Provide 3.11% of the required electricity in Ontario in 2011, increasing to 10.99% by 2018. 

While the past decade has seen growth for the wind industry in Ontario, the LTEP targets c0ntinued 
capacity growth through 2018, as shown in Figure 3.1.    

 

Figure 3.1: Expected Ontario Annual Wind Energy Installations Forecast From 2011-2018 (in MW) 

Ontario’s energy market is driven by the province’s energy procurement policy, as implemented by the 
Ontario Power Authority (OPA). For wind energy specifically, the procurement policy has been 
implemented through a series of programs since 2003, beginning with Renewable Energy Supply (RES) 
I-III, followed by the Renewable Energy Standard Offer Program (RESOP) and finally the current Feed-
In Tariff Program (FIT) which was launched in October 2009.  

3.1 Market Overview 

3.1.1 Ontario Electricity Market Forecast 
Ontario’s Long-Term Energy Plan (LTEP) clearly outlines that the years 2011 through 2018 will be a 
period of change in the energy supply mix in Ontario.  

 There is significant investment planned into transmission and energy conservation in Ontario. 
 Electricity demand is anticipated to grow at a CAGR of 0.46%3 from 2010 through 2018. 

                                                                    
3 Ontario Power Authority. (2010). Ontario’s Long Term Energy Plan 2010-2030; Independent Electricity System Operator 
(IESO). 2010. 18 Month Outlook From December 2010 to May 2012 
http://www.ieso.ca/imoweb/pubs/marketReports/18Month_ODF_2010dec.pdf; and Ontario Power Authority. (2011). IPSP 
Planning and Consultation Overview. 
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 Coal-fired generation will be phased out in the province by 2014. 
 By 2025, 10,000 MW of existing nuclear generation capacity will be refurbished. 

From 2011 to 2018, it is anticipated that total electricity demand in Ontario will increase from 142.4 
TWh to 147.6 TWh, though by 2018, with an additional 17.8 TWh offset by energy conservation in 
Ontario. 

As the province aims to phase out coal by 2014, wind energy generation will increasingly become an 
important part of the energy supply mix. In 2011, wind is anticipated to provide 3% of the required 
electricity in Ontario, increasing to just under 11% by 20184. 

 

Figure 3.2: Ontario's Electricity Market Forecast 

3.1.2 Implications of Long Term Energy Plan for Renewable Energy Capacity and Generation 
Ontario’s LTEP outlines that 10,700 MW of renewable energy generation capacity (including wind, 
solar, and biomass) is to come online by 2018 in the province of Ontario. This capacity is expected to 
yield an annual electricity generation of 24.96 TWh, where: 

 78% is anticipated to come from wind energy; 
 12% is anticipated to come from solar PV; and 
 10% is anticipated to come from biomass sources. 

                                                                                                                                                                                                                          
 
4 Generation is calculated as the difference between gross demand and energy conservation. 
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3.1.3 Wind Energy Capacity in Ontario: Existing, Contracted, and Targeted 
By 2018, the LTEP targets over 7 GW of installed wind energy generation capacity in Ontario.  Table 3.1 
illustrates that while the pace of development has been significant in the past, the next several years 
will require a high pace of project awards if the province is to meet the LTEP target. 

Table 3.1: Wind Energy Generation Contracts in Ontario: Existing, Contracted, and Targeted 

Wind Energy Capacity in Ontario: Existing, Contracted, and Targeted 

 
RES 

Program 
RESOP 

Program 
On-Shore FIT 

Program 
Samsung 
& KEPCO 

Total Target 
Additional 
Required 

Existing installed 
capacity (MW)* 

1,233.1 193.8 0.8 - 1,427.7 N/A N/A 

Contracts under 
development (MW)* 

276.3 131.5 1,228.8 2,000 3,636.6 N/A N/A 

Total (MW) 1,509.4 325.3 1,229.6 2,000 5,064.3 7,101.2 2,036.9 
*As of December 31st, 20105. 
Sources: ClearSky Advisors 2011; OPA, Progress Report on Electricity Supply, 4th Quarter 2010 

 

Table 3.2: Expected Wind Energy Generation Capacity Installations in Ontario by Program Type, 2011-2018 

Expected Wind Energy Generation Capacity Installations in Ontario by Program Type, 2011-2018 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

RES 132 - - - - - - - 132 

RESOP 276 - - - - - - - 276 

On-
Shore 

FIT 
109 38 72 585 403 523 771 766 3,266 

Samsun
g & 

KEPCO 
- 400 400 400 400 400 - - 2,000 

Sources: ClearSky Advisors 2011; OPA, Progress Report on Electricity Supply, 4th Quarter 2010 

 

3.1.3.1 Wind Energy in Ontario: Pre-contract Development 
Currently, there are more than enough FIT applications for wind energy projects awaiting approval by 
the OPA to satisfy the targets of the LTEP.   

 The LTEP calls for 7.1 GW of installed wind energy capacity; 
 As of Dec 31st, 2010, 1,428 MW of wind energy capacity are installed in the province; and 
 This leaves a requirement of 5.6 GW of additional capacity to be installed. 

                                                                    
5 Ontario Power Authority. (2010). Progress Report on Electricity Supply, 4th Quarter 2010. 
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Consider the above facts in light of the wind pipeline in the on-shore FIT program and Samsung and 
Korea Electric Power Corporation (KEPCO) agreement as of Q4, 2010: 

 0.8 MW of FIT projects already connected in the province; 
 1,229 MW of FIT projects with contracts awarded and were under development; 
 2,000 MW of projects under development by the Samsung and KEPCO; and 
 5,153 MW of FIT project applications awaiting the economic connection test (ECT). 
 In total, the above numbers represent over 8.3 GW of potential wind energy capacity, from just 

the FIT program and the Samsung & KEPCO agreements– far surpassing the 5.6 GW of 
additional capacity required to meet the LTEP targets for wind energy. 

It is not impossible for new project applications to be submitted, accepted, constructed, and connected 
during the forecast period.  After all, it is highly unlikely that all of the contracted and applied-for 
projects will come to fruition for a variety of reasons.  For example, some projects will not find 
financing, while others are not located where there is likely to be an economic connection to the grid.  
However, the chances of new project applications making it through to construction at this point are 
much lower than just two years ago.  As such, developers we interviewed have confirmed that their pre-
contract development activity will be greatly reduced over the near term.  
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3.2 Supply of Wind Energy Equipment 
Compared to other renewable energy sources, the wind industry enjoys a relatively mature supply chain 
at the global level. However, as part of the province’s FIT program, an increasing amount of the 
equipment must be made in Ontario. For FIT projects with a commercial operation date (COD) before 
December 31, 2011, the level of domestic content as defined by the OPA is 25% while for FIT projects 
with a later COD, the level of domestic content is 50%. Projects under development by Samsung must 
adhere to domestic content requirements similar to those under the FIT program. In short, this increase 
in domestic content requirements means that a wind supply chain will need to be significantly 
augmented in Ontario. 

For this report, the supply chain for the wind energy sector is broken down into the construction phase 
and the operations and maintenance phase. The construction phase is further divided into equipment 
and balance of plant. 

Table 3.3: Breakdown of Total Installed System Cost for a Wind Turbine in Ontario (by Percent) 

Breakdown of Total Installed System Cost for Wind Turbines in Ontario6 

Component Percent of Total Installed System Cost 

Nacelle 40% 

Blades 9% 

Towers 12% 

Transportation 10% 

Balance of Plant (BOP) 29%* 

General Materials 52% of BOP 

Labour 33% of BOP 

Development 15% of BOP 
* In Ontario, the BOP for wind turbine installations can range between 20-40%.  
Source: ClearSky Advisors 2011 

The equipment portion of the construction phase is broken down into 4 components; nacelle, blades, 
towers, and balance of plant. 

3.2.1 Nacelle 
For wind turbines installed in Ontario, on average, the nacelle accounts for 40% of the total installed 
system cost. For this report, the nacelle is defined as including (where applicable): 

 Nacelle frame and shell; 
 Pitch system; 
 Yaw system; 
 Hub (and hub casing); 
 Gearbox; 

                                                                    
6 From the interviews we conducted the average wind turbine in Ontario ranged from 2-2.3 MW. 
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 Generator and brake; 
 Heat exchanger; 
 Drive shaft; and 
 Power converter. 

3.2.2 Blades 
Blades installed on wind turbines in Ontario account on average for 9% of the total installed system 
cost. For the purpose of this report, blades are defined as cast/moulded wind turbine blades. 

3.2.3 Towers 
On average, wind turbine towers installed in Ontario account for 12% of the total installed system cost. 
For the purpose of this report, towers are defined as (where applicable): 

 Materials for wind turbine towers (typically either steel or concrete); and 
 Manufacturing/forming of materials into wind turbine towers. 

3.2.4 Transportation 
Transportation of the nacelle, towers, and blades from manufacturers to the installation site accounts 
for 10% of the total installed system cost for wind turbines built in Ontario. 

3.2.5 Balance of Plant 
Balance of plant (BOP) accounts for an average of 29% of total installed system cost for wind turbines 
installed in Ontario. For the purpose of this report, the balance of plant is defined as: 

 General materials and equipment (52% of the BOP cost), including: 
o Construction (roads, bulldozers, cranes, etc.); 
o Transformers; 
o Control panels and electronics (such as cables and wiring); and 
o HV electrical systems. 

 Labour (33% of the BOP cost), including: 
o Foundation; 
o Tower erection; 
o Electrical; and 
o Management/supervision. 

 Development (15% of the BOP cost), including: 
o Interconnection; 
o Legal consulting; and 
o Engineering. 

Table A.2 in the appendix shows how the supply chain classifications match the OPA’s domestic 
content grid. 
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3.3 Pricing 
Though relatively new in North America, particularly in Ontario, electricity generation from wind 
turbines is a mature technology with well-established global manufacturers and developers. For the 
purposes of this report, we have assumed that the rate of innovation and cost-reduction will only 
slightly outpace inflation, thus leaving equipment costs essentially flat over the forecast period. 

The installation cost of wind turbines has been fairly well insulated against inflation. Variation in total 
system price and O&M cost of wind turbines in Ontario depends primarily on the following factors: 

 Wind regime conditions; 
 Choice of turbine technology; 
 Project specific geography (Crown land, location of interconnection, road access, etc.); 
 Topology/geo-morphology (type of soil/rock on which the project is built, the slope/grade of 

the land on which the project is built, etc.); 
 Project implementation schedule; and 
 First Nations agreements. 

Table 3.4: Wind Turbine Installation and Service Pricing in Ontario 

Wind Turbine Installation and Service Pricing in Ontario (in Real 2011 $CAD) 

 Average Price ($/MW) High Price ($/MW)* Low Price ($/MW) 

Total All-In 
Installed Cost 

Pre-50% Domestic 
Content Requirements 

(2011) 
$2,630,000 $3,430,000 $2,110,000 

Post-50% Domestic 
Content Requirements 

(2012-2018) 
$2,690,000 $3,500,000 $2,110,000 

Annual Operations & Maintenance Cost $34,300 $40,600 $20,800 
* Projects at the high end of the price range would only be financially viable in very unique circumstances. 
Source: ClearSky Advisors 2011 

ClearSky Advisors has reported an average value, high-price, and low-price for total installation and 
O&M wind turbine system costs for pre- and post-50% domestic content requirements to reflect the 
variability of these factors. This is shown above in Table 3.4. Turbine prices are expected to increase due 
to domestic content requirements. Our research has found, however, that the reported ranges for all-in 
system costs and O&M costs have more to do with the variable nature of balance of plant costs (20-
40% of the total installed cost) and the aforementioned project-specific location characteristics in 
Ontario and less to do with impact of changing domestic content requirements on turbine costs. 
Projects at the high end of the price range would only be financially viable in very unique circumstances. 

As the OPA’s mandated 50% domestic content requirement for wind turbines installed in Ontario 
comes into effect after January 1st, 2012, we expect an increase of just over 2% to the all-in installed 
system cost. In terms of O&M costs, the accumulated 20-year costs  are anticipated to stay around 20% 
of the total lifetime cost (all-in installed price plus 20-year O&M costs), irrespective of the domestic 
content requirements.  
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3.4 Wind Energy Sector Installed Capacity Forecast Scenarios 
The potential market outcomes for the wind energy sector over the next few years are based on three 
pairs of wind energy demand and supply scenarios, with the assumptions for each outlined in Table 3.5. 

Table 3.5: Wind Energy Sector in Ontario Scenario Assumptions 

Wind Energy Sector in Ontario Installed Capacity Forecast Scenario Assumptions 

Assumption High Market Forecast Expected Market Forecast Low Market Forecast 

Political 
Support 

High Steady Low 

Transmission 
Capacity 

Aggressive Additions Steady Additions Minor Additions 

Project 
Delays* 

Few Some Significant 

Project 
Cancellations 

Few Some Significant 

*These delays include the February, 2011 offer from the OPA for a 1-year extension on commercial operation date (COD) for FIT 
contract holders. 
Source: ClearSky Advisors 2011 

Factors that were considered to contribute positively or negatively to the assumptions listed above 
include: 

 Environmental benefits; 
 Environmental concerns; 
 Increased awareness of the cost of traditional energy sources; 
 Perceived causes of the increase in the cost of electricity to ratepayers; 
 Community support; 
 Community opposition; and 
 Contracting and permitting processes. 

 

1. Expected Market Forecast – The Expected Scenario reflects a situation where government 
policy supports the targets laid out in the LTEP. The Expected Scenario is mostly based on 
information garnered from the interviews with developers of wind generation projects in the 
province as well as related research and analysis of the targets set out in the LTEP in 
conjunction with planned transmission expansions and upgrades. 

2. High Market Forecast – The High Scenario is based upon expedited transmission expansions 
and increases in either a) the target itself, or b) the relative proportion of wind included in the 
LTEP target of 10,700 MW of renewable energy generation to be installed in Ontario by 2018. 

3. Low Market Forecast –The Low Scenario is predominantly based upon assumptions around 
delays to the current transmission expansion plans, coupled with a loss of political will to 
continue with the growth of the wind energy generation sector in Ontario. 
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Table 3.6: Installed Wind Capacity to be Built in Ontario, 2011-2018 

Annual Installed Wind Capacity in Ontario (MW) 

 2011 2012 2013 2014 2015 2016 2017 2018 

Installed 
Capacity 

From 2011-
2018 

Total 
Installed 

Capacity by 
2018 

Expected 
Scenario 

516 438 472 985 803 923 771 766 5,673 7,101 

High 
Scenario 

653 456 660 1,111 976 1,015 1,059 1,010 6,939 8,366 

Low 
Scenario 

386 384 283 516 248 311 152 - 2,280 3,708 

Source: ClearSky Advisors 2011 

 

 

Figure 3.3: Ontario Wind Energy Generation (in TWh) 

It is important to note that the Expected Case and High Case only slightly differ between the present 
and 2014. This reflects the assumption that wind energy capacity is currently being added to the grid 
essentially as fast as the grid can allow for. It also reflects the fact that wind energy takes approximately 
3 to 4 years to develop from inception to connection. The remaining time is spent on activities such as 
development, contracting, permitting, etc. 

As was outlined above, we considered many factors in developing our three market scenarios. 
However, as a result of the interviews we conducted it was apparent that political support and the 
availability of transmission were the two factors that had the biggest impact on the wind energy sector 
in Ontario.   
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3.4.1 High Scenario Overview: 
Assumptions used in the creation of the high scenario include: 

 Strong political support for continued procurement of wind energy generation capacity. 
 Aggressive transmission additions will facilitate an increase in project awards and installations. 
 Potential interruptions to original project schedules: 

o Permitting – few; 
o Construction – few (chiefly due to winter weather); 
o OPA’s 1 year extension on COD – some; and 
o Project cancellations – few. 

3.4.1.1 Installation Rate in Ontario 

 

Figure 3.4: Annual Wind Energy Installations in Ontario (in MW), High Scenario (2011-2018) 

 Total 2011-2018 installations: 6,939 MW - total cumulative installations by 2018: 8,366 MW. 
 Average annual installations: 867 MW - ranging from 456 MW (2012) to 1,111 MW (2014). 

3.4.1.2 Trends 
 Annual installations will peak in 2014 and maintain a high level through 2018 due to: 

1. The Bruce to Milton transmission expansion project  
2. East-West tie transmission upgrades  
3. Substantial transmission upgrades in south-western Ontario (2017) 

 Market supply capacity for wind turbine installations of 1,100 - 1,200 MW per year: 
o The market may experience potential domestic content supply constraints in 2014-2018 

as there will be a near doubling of market volume from 2013 to 2014 and 5 consecutive 
years approaching market capacity. 

o Most parts of the value and supply chains can stretch beyond 1,200 MW per year, but 
depending on future market conditions, the supply of domestic-content compliant steel 
and the availability of skilled labour (especially for electrical and tower erection) could 
be constraining factors that could cause delays and/or price increases.  
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3.4.2 Expected Scenario Overview: 
Assumptions used in the creation of the expected scenario include: 

 Steady political support for continued procurement of wind energy generation capacity. 
 Several transmission additions and upgrades that will facilitate the growth of the market in line 

with the LTEP. 
 Potential interruptions to original project schedules: 

o Permitting – some; 
o Construction – few (chiefly due to winter weather); 
o OPA’s 1 year extension on COD – some; and 
o Project cancellations – some. 

3.4.2.1 Installation Rate in Ontario 

 

Figure 3.5: Annual Wind Energy Installations in Ontario (in MW), Expected Scenario (2011-2018) 

 Total 2011-2018 installations: 5,673 MW - total cumulative installations by 2018: 7,101 MW. 
 Average annual installations: 709 MW - ranging from 438 MW (2012) to 985 MW (2014). 

3.4.2.2 Trends 
 Annual market volume will peak in 2014 and maintain a high volume until 2018 due to: 

1. The Bruce to Milton transmission expansion project 
2. East-West tie transmission upgrades 
3. Substantial transmission upgrades in south-western Ontario 

 Market supply capacity for wind turbine installations of 900 - 1,000 MW per year: 
o The market may potentially experience domestic content supply constraints in 2014-

2016 as there will be 3 years in a row of installation volume at nearly market capacity.  
o Most parts of the value and supply chains can stretch beyond 1,000 MW per year, but 

depending on future market conditions, the supply of domestic-content compliant 
towers could be constraining factors that could cause delays and/or price increases. 
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3.4.3 Low Scenario Overview: 
Assumptions used in the creation of the low scenario include: 

 Low political support for continued procurement of wind energy generation capacity: 
o Potential changes to the domestic content rules. 

 Minor transmission additions to facilitate additional project awards and installations (by 2018). 
 Potential interruptions to original project schedules: 

o Permitting – significant; 
o Construction – few (chiefly due to winter weather); 
o OPA’s 1 year extension on COD – significant; and 
o Project cancellations – significant. 

3.4.3.1 Installation Rate in Ontario 

 

Figure 3.6: Annual Wind Energy Installations in Ontario (in MW), Low Scenario (2011-2018) 

 Total 2011-2018 installations: 2,280 MW - total cumulative installations by 2018: 3,708 MW. 
 Average annual installations: 285 MW - ranging from 0 MW (2018) to 516 MW (2014). 

3.4.3.2 Trends 
 Annual installations will peak in 2014 due to: 

1. The Bruce to Milton transmission expansion project 
 Market supply capacity for wind turbine installations of 600 - 700 MW per year: 

o It is unlikely that the market will experience any domestic content supply constraints 
from 2011-2018. 

o Most parts of the value and supply chains have significant flexibility in terms of scaling 
production and service up and down. Further, additional supply in the Ontario 
marketplace could be used to serve other North American markets fairly easily due to 
the strong transportation infrastructure in Ontario. As such, though the market 
capacity will be far greater than demand in most years, it is unlikely that there will be a 
surplus of equipment and/or production capacity that could cause decreases in price. 
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4 Economic Impacts 

4.1 Overview of Economic Impacts 
Investment in the wind energy sector impacts a number of stakeholder groups within the province of 
Ontario in a variety of ways, including stimulation of local spending, generation of tax revenue, lease 
payments, job creation, and the development of local expertise and innovation7. Based on market 
activities corresponding with the “expected” scenario laid out in the previous section, the key economic 
indicators are: 

 The wind energy sector will result in 80,328 person years of employment (PYE) from 2011-2018. 
 Total private sector investment for wind turbine installations will be more than $16.4billion, of 

which greater than $8.5billion will be spent locally in Ontario from 2011-2018, shown in Figure 
4.1. 

 Total private sector benefits paid in Ontario, demonstrated in Table 4.7, as a result of 
installations in 2011-2018 will surpass $1.1billion (based on and paid over 20-year contracts 
from the installation date), including: 

o $1.03billion in lease payments to landowners; and 
o $147million in taxation payments to municipalities. 

 

Figure 4.1: Cumulative Private Sector Investment for Wind Turbine Installations in Ontario, Expected Scenario 2011-2018 

 

                                                                    
7 The analysis in this report does not include the economic or labour impacts associated with the decommissioning, re-
powering, and/or refurbishment of wind turbines at the end of their service life. It is likely that a combination of all three 
options will be employed for wind turbines in Ontario, but at this point in time it is unclear what percentage of turbines will 
subjected to each end of service life option. 
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Figure 4.2: Annual Private Sector Investment for Wind Turbine Installations in Ontario, Expected Scenario 2011-2018 
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4.2 Job Creation 
When compared to existing traditional energy sources in Ontario, the wind energy sector creates more 
employment opportunities per unit of energy produced and does so at a lower cost per job. This fact, as 
demonstrated in the following figures, helps to explain why the province of Ontario and other 
governments from around the world are including wind energy as a growing part of their energy mix. 

In general, when considering jobs created by the wind energy sector, it is useful to make a distinction 
between pre-connection and post-connection jobs. Post-connection jobs are typically ongoing and 
include operation and maintenance (O&M) while pre-connection jobs are more variable in nature and 
include project development, onsite labour, manufacturing, wholesale, and distribution. For the 
purposes of our study, we have termed pre-connection jobs as “Construction Phase” and have assumed 
that the pre-connection jobs would be one-time8. In order to be sustained on an ongoing basis, these 
jobs would need to be maintained with export projects and/or additional local market awards.   

In order to compare ongoing jobs with one-time jobs, we use a measure called person-years of 
employment (PYE). As the name suggests, PYE represent one year of employment for one individual 
(i.e. 40 hours per week for 52 weeks). To illustrate, since Ontario FIT contracts last for 20 years, we 
equate one O&M job associated with a FIT contract to 20 PYE. 

 

 

Figure 4.3: Person Years of Employment per GWh of Generated Energy by Various Technologies Employed in Ontario. 

To compare job creation (in terms of PYE) by various generation technologies, it is most useful to 
measure the number of PYE created per unit of energy produced (GWh in this case). Figure 4.3 
demonstrates PYE per GWh by different technologies used in Ontario for energy generation. Results 
from a 2010 study published in Energy Policy by Wei et al. that synthesized data across 15 job studies 

                                                                    
8 Re-powering construction phase employment was not taken into consideration as it will appear much later than the scope 
covered in this report. A continuous wind market will create these jobs and allow for a number of construction phase jobs to be 
self-sustaining. 
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were coupled with Ontario-specific conditions (such as wind regime, solar insolation, and FIT contract 
data) to inform the model used in Figure 4.39.  

 

Figure 4.4: Cost per Person Year of Employment by Various Energy Generating Technologies Used in Ontario 

The cost of job creation can be calculated by comparing PYE per unit of energy with the cost per unit of 
energy. Our cost calculations have come from current Feed-In Tariff rates, Moody’s Investment Service 
(for nuclear data)10, and the OPA’s integrated power system plan (IPSP) evidence11. In order to reflect a 
more complete and accurate cost to Ontarians, our assumptions for the cost of fossil fuels incorporates 
conservative estimates (2¢/kWh for natural gas and 12.7¢/kWh for coal)12 published by the Ontario 
Ministry of Energy of the cost of health and environmental externalities caused by these types of power 
generation13.  

                                                                    
9 Wei, M., Patadia, S., Kammen, D. 2010. Putting renewables and energy efficiency to work: How many jobs can the clean 
energy industry generate in the US? Energy Policy. 38: 919-931. 
10 Weis, T., Stensil, S.-P., & Stewart, K. (August, 2010). Renewable is Doable.  
http://pubs.pembina.org/reports/ontario-green-energy-report-august-web.pdf 
11 Ontario Power Authority. (2007). Methodology and Assumptions for the Cost to Consumer Model. 
http://www.powerauthority.on.ca/ipsp/Storage/53/4886_G-2-1_Att_1_corrected_071019.pdf; and Ontario Power Authority. 
(2008). Integrated Power System Plan for the Period 2008-2027.  
http://www.powerauthority.on.ca/integrated-power-system-plan/g-plan-outcomes 
For natural gas pricing the OPA considered several scenarios that fall within a spot-price range from $4.00 to $12.00; as 
present day prices are close to the low end of that range, we used the OPA’s low price case in our cost calculations. Ontario 
Power Authority. (2008). Integrated Power System Plan for the Period 2008-2027. 
http://www.powerauthority.on.ca/integrated-power-system-plan/g-plan-outcomes. 
12DSS Management Consultants Inc., RWDI Air Inc. (2005). Cost Benefit Analysis: Replacing Ontario's Coal Fired Electricity 
Generation. Toronto, ON: Ontario Ministry of Energy.  
13 Externalities of 18¢/kWh due to coal were reported in a Harvard study. (Reuters. (2011). Coal's hidden costs top $345 billion in 
U.S.-study.) 
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4.2.1.1 Total Jobs Created Annually and Total for 2011-2018 
Figure 4.5 demonstrates annual job creation in Ontario by the wind energy industry. The number of 
PYE presented includes both one-time and ongoing jobs. All PYE from permanent jobs are attributed to 
the year in which the project was installed14. 

The cumulative expected PYE created by the wind energy sector in Ontario from 2011-2018 is shown in 
Table 4.1. It should be noted that the jobs reported here are solely a result of the LTEP.  

 From 2011-2018, 80,328 PYE will be created in Ontario due to the wind energy sector. 
 On an annual basis, the number of jobs created varies from a low of 5,708 PYE in 2011 to 14,249 

in 2014. 

Note: The O&M job numbers listed for each year in Figure 4.5, are created as a result of the projects 
built that year, but are actually carried out over the 20 year period a project is expected to be in 
operation. Figure 4.8 illustrates that fact in more detail. 

 

Figure 4.5: Person Years of Employment Created by the Wind Energy Sector in Ontario, Expected Scenario 2011-2018 

4.2.1.2 Jobs Creation by Type in Ontario for 2011-2018 
Figure 4.6 demonstrates the relative proportion of employment by different types of jobs in Ontario 
from 2011-2018, due to the wind energy sector. 

 54% of PYE created in Ontario due to the wind energy sector will occur in the construction 
phase due to labour and manufacturing employment. 

                                                                    
14Developmental PYE are included in the construction phase as service jobs. As the employment calculations are for only 
connected projects, any development work in the prospecting phase, as well as any other development, manufacturing, and/or 
construction work for incomplete projects are not accounted for in our scenarios. 
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Figure 4.6: Total Ontario Wind Energy Sector Job Creation by Type of Job, Expected Scenario 2011-2018 

PYE can be classified into three categories: direct, indirect, and induced.  

 Direct PYE are jobs that are created to immediately serve the actual supply chain, such as wind 
turbine manufacturing and construction.  

 Indirect15 PYE are jobs that have been created to facilitate the creation and maintenance of the 
supply chain, such as the construction and manufacture of facilities and equipment used in the 
wind energy generation supply chain.  

 Finally, induced PYE are jobs that are created elsewhere in the economy as a result of spending 
from both direct and indirect workers and firms16. Induced PYE were not included in this study 
so as to be conservative with PYE estimates as well as due to their ambiguous nature.  Induced 
jobs are real, but quantifying them is difficult, so we have focused our analysis on direct and 
indirect jobs.   

Expected PYE creation due to Ontario’s Wind Energy Sector from 2011-2018, demonstrated in Table 
4.1, will be almost equally split between direct and indirect employment: 

 38,135 direct PYE; and 
 42,193 indirect PYE will be generated in Ontario due to the wind energy sector. 

 

 

                                                                    
15 Note: The model assumes (based on inputs and multipliers from Statistics Canada) that a certain percentage of indirect jobs 
would need to exist in the province to serve the wind energy sector. These jobs are counted in the year in which the 
installations are complete and not necessarily in the year that they occur. 
16Estimates of Job Creation from the American Recovery and Reinvestment Act of 2009. 
http://www.whitehouse.gov/assets/documents/Job-Years_Revised5-8.pdf 
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Table 4.1: Job Creation (PYE) in the Ontario Wind Energy Sector, 2011-2018 

Wind Energy Sector Job Creation (PYE) in Ontario, 2011-2018 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Direct  2,651   3,013   3,246   6,776   5,523   6,349   5,308   5,269   38,135  

Indirect  3,057   3,323   3,579   7,473   6,091   7,003   5,855   5,811   42,193  

Total  5,708   6,336   6,825  14,249   11,614   13,353   11,163   11,080   80,328  

High 
Scenario 

Direct  3,349   3,138   4,540   7,643   6,714   6,985   7,285   6,947   46,602  

Indirect  3,863   3,461   5,007   8,430   7,405   7,704   8,035   7,663   51,567  

Total  7,212   6,598   9,548   16,073   14,120  14,689   15,319   14,610   98,169  

Low 
Scenario 

Direct  1,979   2,642   1,950   3,549   1,710   2,138   1,069   -     15,037  

Indirect  2,282   2,914   2,150   3,914   1,885   2,359   1,155   -     16,658  

Total  4,262   5,557   4,100   7,462   3,595   4,497   2,223   -     31,695  

Source: ClearSky Advisors 2011 

Note: In Table 4.1 all jobs created by an installation in a given year are tied back to that year regardless 
of when the job actually occurs.  See Figure 4.7 for an alternative view of the same data. 

 

Table 4.2: Net Job Creation (PYE) Difference Between Market Scenarios (Relative to the Expected Scenario), 2011-2018 

Net Difference in Job Creation (PYE) in Ontario Relative to the Expected Scenario, 2011-2018 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

5,708 6,336 6,825 14,249 11,614 13,353 11,163 11,080 80,328 

High 
Scenario 

1,504 262 2,723 1,824 2,506 1,336 4,156 3,530 17,841 

Low 
Scenario 

(1,446) (780) (2,725) (6,787) (8,020) (8,856) (8,940) (11,080) (48,633) 

Source: ClearSky Advisors 2011 
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Figure 4.7: Ontario Wind Energy Sector Cumulative Job Creation (in PYE), 2011-2018 

Alternatively expected job creation by year and by job type from 2009 to 203817 as a result of the wind 
energy sector in Ontario is shown in Figure 4.8, assuming that: 

 Each project is awarded at the beginning of the 1st year; 
 Services (developmental and other) take place in years 1 and 2; 
 Sufficient lead-time is provided to allow for manufacturing to mainly take place in the 1st and 

2nd years; 
 Construction is not performed over the winter and is a 2 year process; 

o Foundation and infrastructure work is completed in year 2 
o Turbine erection is completed in year 3 

 Each project will be connected and generating at the end of year 3; 
 O&M work will begin at the beginning of the 4th year and last for 20 years; and 
 Tax payments and lease payments to landowners will begin in year 4 and last for 20 years. 

 

Note: These figures are ONLY for the projects forecast for installation in 2011 through 2018.  The actual 
number of jobs is likely to be higher because no jobs are included for export, pre-contract development, 
or any ongoing installations after 2018.  Furthermore, we have only considered direct and indirect jobs 
and not induced jobs. Therefore, these numbers are conservative for all years. The drop-off in 
employment after 2017 would only occur if exports and continued project awards beyond 2018 did not 
materialize. 

                                                                    
17 For the purposes of this model direct and indirect employment were assumed to occur at the same time. As such, there is no 
differentiation between these two employment categories in this measure of employment. 
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 During the forecast window, the number of jobs created varies from a low of 4,761 in 2011 to 
9,951 in 2014; and 

 1,031 O&M jobs, ongoing after the end of the forecast window, are expected to be maintained 
until 2031 when they will slowly decline until a low of 141 in 2038 as wind energy generation 
projects reach decommissioning and the end of their generation contracts. 

 

Figure 4.8: Expected Ontario Employment due to Wind Construction 2011-2018: Job Years as They Occur, 2009-2038 

4.2.2 Jobs Multipliers for Construction & Operation Phases of Wind Energy in Ontario 
Based on ClearSky Advisor’s Forecast of the Wind Energy Sector in Ontario 2011-2018 (Chapter 3.4) we 
expect wind energy to have an impact on employment in Ontario in the next several years. 

 On average, expected wind energy installations will create 14.1 person-years of employment in 
Ontario per MW of nameplate capacity: 

o Per average installed wind turbine in Ontario, 30.2 PYE are created in Ontario; 
o During the construction phase, on average, 10.5 PYE per MW of installed wind capacity 

will be created; 
o During the O&M phase of wind energy, on average over the 20 year contract, 3.6 PYE 

per MW will be generated in Ontario. 
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Table 4.3: Summary of Wind Energy Sector Job Creation Studies, in PYE/MW 

Wind Energy Sector Job Creation (PYE) Comparison 

Location PYE/MW Original Source 

Ontario 14.1 PYE/MW ClearSky Advisors 

European Union 21.7 PYE/MW EWEA 

California 12.3 PYE/MW* CALPIRG 

Colorado 5.4 PYE/MW 
Colorado State 

University and The 
WSARE Program 

Nevada 7.7 PYE/MW* REPP 

The United States of America 15.3 PYE/MW* McKinsey 

The United States of America 10.0 PYE/MW* EPRI 

Global Average 13.0 PYE/MW Wei et al., 2010 
* Calculated from Wei et al., 2010. 
Source: ClearSky Advisors 2011; Wei et al. 2010; EWEA, Wind at Work 2009; Colorado State 
University Cooperative Extension and the Western Sustainable Agriculture Research and Education 
(WSARE) Program, Wind Energy in Colorado 

 

As a comparison, the 14.1 PYE per MW forecasted for Ontario falls within the reported range of 5.4PYE 
per MW to 21.7 PYE per MW reported for wind energy generation and is slightly higher than the peer-
reviewed global average of 13.0 PYE per MW reported by Wei et al. (2010) and shown in Table 4.318.  
This slightly higher number for Ontario could be explained by the domestic content requirements of the 
FIT program, which were reflected in our calculations. 

  

                                                                    
18 Wei, M., Patadia, S., Kammen, D. 2010. Putting renewables and energy efficiency to work: How many jobs can the clean 
energy industry generate in the US? Energy Policy. 38: 919-931; The European Wind Energy Association (EWEA). (2009). Wind 
at Work, Wind energy and job creation in the UE; Colorado State University Cooperative Extension  and the Western 
Sustainable Agriculture Research and Education (WSARE) Program, Wind Energy in Colorado. 
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4.3 Economic Benefits& Market Value 

4.3.1 Market Size &Value for Ontario 

4.3.1.1 Size of Market Opportunity for Wind Energy Sector Supply Chain in Ontario 
A significant amount of all goods and services purchased by the Ontario wind energy sector will be 
produced in Ontario. In general, the wind energy sector tends to spend locally on construction, 
manufacturing, development, operation, and maintenance. Domestic content requirements in the FIT 
program in Ontario are reinforcing this approach and will drive further local spending on manufacturing 
and professional services. From 2011-2018, it is anticipated that over $8.5billion will have been captured 
by the Ontario-based wind energy sector supply chain, as demonstrated in Table 4.4. The investment 
into the wind energy generation sector is different from many other investments made in public 
infrastructure in Ontario as it is entirely from the private sector, to be paid back by the rate-payer if, and 
only if, the wind turbine installations produce power. 

Table 4.4: Economic Value of the Ontario-Based Wind Energy Sector Supply and Value Chain ($Millions) 

Economic Value of the Ontario-Based Wind Energy Sector Supply and Value Chain, 2011-2018 ($Millions) 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Ontario-
Based 

$528 $662 $729 $1,494 $1,237 $1,425 $1,213 $1,215 $8,503 

Industry-
Wide 

$1,433 $1,260 $1,367 $2,781 $2,318 $2,673 $2,293 $2,303 $16,427 

High 
Scenario 

Ontario-
Based 

$665 $689 $1,009 $1,685 $1,500 $1,570 $1,648 $1,589 $10,355 

Industry-
Wide 

$1,797 $1,314 $1,885 $3,136 $2,806 $2,947 $3,100 $3,003 $19,988 

Low 
Scenario 

Ontario-
Based 

$397 $581 $448 $795 $406 $502 $272 $49 $3,451 

Industry-
Wide 

$1,082 $1,108 $847 $1,490 $779 $958 $536 $127 $6,928 

Source: ClearSky Advisors 2011 

4.3.1.1.1 Market Size for Service & Supply Chain During Construction 
The market size of the supply chain serving the construction phase of Ontario’s wind energy generation 
sector, demonstrated in Table 4.5, makes up the vast majority of spending in the industry:  

 Most of this spending will be on the wind turbine nacelle (described in Chapter 3.2). 
 By 2018, it is expected that almost $8.1billion will be spent on the construction phase Ontario- 

based service and supply chain, as shown in Table 4.5. 
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Table 4.5: Economic Value of the Ontario Based Wind Energy Sector Construction Phase Supply Chain ($Millions) 

Economic Value of the Construction Phase Supply Chain, 2011-2018 (Millions) 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Ontario- 
Based 

$513 $642 $692 $1,444 $1,177 $1,354 $1,132 $1,123 $8,077 

Industry-
Wide 

$1,366 $1,178 $1,269 $2,649 $2,159 $2,483 $2,076 $2,060 $15,240 

High 
Scenario 

Ontario- 
Based 

$648 $669 $968 $1,629 $1,431 $1,489 $1,553 $1,481 $9,868 

Industry-
Wide 

$1,726 $1,227 $1,775 $2,988 $2,625 $2,731 $2,848 $2,716 $18,637 

Low 
Scenario 

Ontario- 
Based 

$383 $563 $416 $756 $364 $456 $223 $- $3,161 

Industry-
Wide 

$1,020 $1,033 $762 $1,387 $668 $836 $409 $- $6,116 

Source: ClearSky Advisors 2011 

 

 

Figure 4.9: Expected Annual Ontario Wind Energy Sector Construction Phase Spending, 2011-2018 

4.3.1.1.2 Market Size for Operation & Maintenance in Ontario 
The market size of the supply chain serving the O&M phase of Ontario’s wind energy sector, shown in 
Table 4.6, makes up a smaller component of spending in the industry (relative to construction):  

 O&M materials spending will far outweigh labour costs; 
 By 2018 it is expected that over $1.1billion will be cumulatively spent on O&M services for wind 

turbine installations in Ontario; and 
 It is expected that by 2018 $91.6million will be spent annually in Ontario due to O&M services. 
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Table 4.6: O&M Phase Spending due to the Ontario Wind Energy Sector by Segment, 2011-2018 

Economic Value of the O&M Phase Supply Chain, 2011-2018 (Millions) 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Labour $6.5 $7.9 $9.5 $12.8 $15.4 $18.5 $21.1 $23.6 $115.2 

Materials $60.1 $73.7 $88.3 $118.7 $143.5 $172.1 $195.9 $219.6 $1,071.9 

Total $66.6 $81.6 $97.7 $131.5 $159.0 $190.6 $217.0 $243.2 $1,187.2 

High 
Scenario 

Labour $6.9 $8.4 $10.6 $14.3 $17.6 $20.9 $24.5 $27.8 $131.1 

Materials $64.3 $78.4 $98.8 $133.2 $163.4 $194.8 $227.5 $258.7 $1,219.2 

Total $71.3 $86.9 $109.5 $147.5 $180.9 $215.7 $252.0 $286.6 $1,350.3 

Low 
Scenario 

Labour $6.0 $7.3 $8.2 $10.0 $10.8 $11.8 $14.7 $14.7 $79.9 

Materials $56.1 $68.0 $76.7 $92.7 $100.3 $110.0 $112.2 $112.2 $732.0 

Total $62.1 $75.3 $85.0 $102.6 $111.1 $121.8 $127.0 $127.0 $811.9 

Source: ClearSky Advisors 2011 

 

Figure 4.10: Expected Ontario Wind Energy Sector Cumulative O&M Phase Spending, 2011-2018 

4.3.2 Economic Benefits for Landowners 
Landowners with wind turbines on their property will also receive an economic benefit as a result of the 
wind energy sector in Ontario.  Due to the dispersed nature of turbines for wind energy generation 
projects across many properties, income is distributed to landowners more widely relative to other, 
non-renewable sources of electricity and therefore a larger number of individuals in the community 
benefit. On average an annual lease payment of $19,334 is received by landowners for every MW of 
installed wind energy capacity on their property. Our research indicated that lease payments can range 

 $15.7   $19.3   $36.8   $49.5   $59.8   $71.7   $81.7   $91.6  

 $66.6  
 $81.6   $97.7  

 $131.5  
 $159.0  

 $190.6  
 $217.0  

 $243.2  

$0

$50

$100

$150

$200

$250

$300

2011 2012 2013 2014 2015 2016 2017 2018

M
ill

io
ns

 

Year 

Annual Ontario Wind Energy Sector O&M Phase 
Spending 

Ontario-Based Spending Total Industry Spending
Source: ClearSky 

Advisors Inc. 2011  



The Economic Impacts of the Wind Energy Sector in Ontario 2011-2018  May 2011 

 
© ClearSky Advisors Inc. 2011 Page 34 
 

from under $10,000 to nearly $30,000 per MW. The value of agreed upon lease payments typically is 
project specific and greatly depends upon: 

 Market conditions (i.e. demand for quality sites has increased over time as supply has 
decreased); 

 Wind energy procurement program (i.e. RES, RESOP, FIT, etc.); 
 Quality of wind resource; 
 Ease of access to the land; and 
 Other project specific location characteristics. 

From 2011-2018, it is expected that over $313million will be paid to landowners in lease payments due 
to the wind energy sector in Ontario, as demonstrated in Table 4.7. For wind energy generation 
capacity installations from 2011-2018, it is expected that over $1billion will be paid in land leases to 
landowners in Ontario by the end of the 20-year generation contracts19. 

 Total private sector investment, demonstrated in Table 4.7, as a result of installations in 2011-
2018,  will reach over $1.1billion (based on 20 year contracts): 

o Over $1billion of this total will be through lease payments to landowners 

Table 4.7: Economic Benefits to Landowners and Municipalities 

Economic Benefits to Landowners and Municipalities from New Wind Turbine Installations (2011-2018) 

 Lease Payments 
Municipal 
Taxation** 

Total 

Average 
Annual 

Payment 

Per MW $19,334* $1,302 $20,636 

Per Turbine $41,271 $2,779 $44,050 

Expected 
Scenario 

Total Payments from 2011-2018 $313,936,159 $44,792,293 $358,728,452 

20-Year Payments (from 2011-
2018 installations) 

$1,027,745,099 $147,710,917 $1,175,456,017 

High 
Scenario 

Total Payments from 2011-2018 $357,080,534 $50,969,381 $408,049,915 

20-Year Payments (from 2011-
2018 installations) 

$1,256,927,721 $180,693,145 $1,437,620,866 

Low 
Scenario 

Total Payments from 2011-2018 $214,691,479 $30,540,836 $245,232,314 

20-Year Payments (from 2011-
2018 installations) 

$412,990,330 $59,071,665 $472,061,995 

* This is an average lease payment value. Our research indicated that lease payments for wind turbine installations can 
range from under $10,000 to nearly $30,000 per MW. 
** Minimum municipal taxation payments as calculated based upon the property assessment of wind turbines according 
to the Municipal Property Assessment Corporation and multiple 2010 municipal tax rates across Ontario.  
Source: ClearSky Advisors 2011; Statistics Canada 2010 

  

                                                                    
19 The economic benefit calculated for landowners does not include any effects on property values. 
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4.3.3 Economic Benefits for Communities 
In addition to supporting spending and employment in the province, the wind energy sector will affect 
municipal tax bases. Minimally, the economic benefit to communities from taxation on expected wind 
turbine installations will generate over $44million of tax revenue for Ontario municipalities from 2011-
2018, as demonstrated in Table 4.7. For expected wind energy generation capacity installations from 
2011-2018, nearly $148million of taxation payments will be made to Ontario municipalities by the end 
of the 20 year generation contracts20. 

The property assessment, for taxation purposes, of wind turbine installations in Ontario is determined 
by the Municipal Property Assessment Corporation. In Ontario, only the wind turbine tower is subjected 
to property taxation; meaning that the blades, nacelle, and foundation are exempt. Additionally, the 
taxable value for a wind turbine tower is fixed at $40,000 per MW of generation capacity. Moreover, it is 
assumed that each installed turbine requires one acre of land and the land upon which the turbine sits is 
assessed in the same manner as the immediately surrounding land. Thus, property assessment of wind 
turbine installations in Ontario is calculated according to: 

 

 

 

Payable municipal property taxes are calculated using the property assessment of the wind turbine 
installation and the industrial property tax rate in the municipality.  

In addition to taxation other municipal benefits have been observed in the province. In some instances 
the necessary privately funded infrastructure investments (such as roadway improvements) required 
for wind turbine installations provide opportunities at the community level. These investments are 
regularly maintained throughout the project lifetime. Additionally, some developers and municipalities 
agree upon amenity fees to be paid by the developer, which may take a variety of forms, ranging from a 
percentage of gross revenue to the construction of community centres and arenas. These provide 
additional benefits, beyond lease payments and municipal taxation, to the entire community as a whole 
but are difficult to quantify as part of this report. 

In many cases the non-taxation benefits to communities can often meet or exceed the taxation benefits 
to municipalities.  

                                                                    
20 Anticipated Taxation was calculated based upon multiple 2010 municipal tax rates across the province as well as the value of 
farm land from Statistics Canada (Statistics Canada. (2010). Value of Farm Capital.) 
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4.4 100 MW Project Sample 
To illustrate the findings in this report we have created an example of what could be expected for a 
typical 100 MW nameplate capacity wind energy generation project to be installed in Ontario. For this 
example we assume: 

 The project is awarded at the beginning of year 1; 
 Services (developmental and other) take place in years 1 and 2; 
 Sufficient lead-time is provided to allow for manufacturing to mainly take place in years 1 and 2; 
 Construction is not performed over the winter and is a 2 year process; 

o Foundation and infrastructure work is completed in year 2 
o Turbine erection is completed in year 3 

 The project will be connected and generating at the end of year 3; 
 O&M work will begin at the beginning of year 4 and last for 20 years; and 
 Tax payments and lease payments to landowners will begin in year 4 and last for 20 years. 

 

Table 4.8: Summary of 100 MW Project Sample Costs, Benefits, and Employment 

100 MW Project Sample Costs, Benefits, and Employment 

Expected Cost 

Total Lifetime Cost (in 2011 $) $337,530,679 

Total 20 Year O&M Cost $68,501,669 

Total Expected Installation Cost $269,029,010 

20 Year Economic 
Benefits to 

Landowners and 
Municipalities 

Total 20 Year Economic Benefits $41,271,945 

20 Year Lease Payments $38,668,407 

20 Year Tax Payments $2,603,538 

Expected PYE 

Total 1,416 

Construction Phase 1,052 

O&M Phase 363 

Source: ClearSky Advisors 2011 
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 The total lifetime costs to the developer (including all-in installed costs and a 20-year O&M 
service agreement) would be nearly $338million; 

 Over $41million in economic benefits to landowners and municipalities will be realized by the 
end of the contract; and 

 1,416 PYE will be created over the entire 23 year project timespan. 

 

 

Figure 4.11: Expected Employment by Sector and Time for a Typical 100 MW Wind Farm in Ontario21 

  

                                                                    
21 For the purposes of this model direct and indirect employment were assumed to occur at the same time. As such, there is no 
differentiation between these two employment categories in this measure of employment. 
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Appendix 
Table A.1: Ontario’s Electricity Market Forecast by Generation Type, 2010-2018 

Ontario’s Electricity Market Forecast 2010-2018 (TWh) 

 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Total Demand 148.7 150.9 152.9 154.8 156.8 158.7 160.9 163.2 165.5 

Conservation 6.7 8.0 9.2 10.5 11.7 13.0 14.6 16.2 17.8 

Nuclear 
Generation 

82.9 88.3 93.8 93.8 93.8 93.8 75.5 69.1 61.6 

Coal 
Generation 

12.6 7.5 7.5 6.1 2.6 - - - - 

Natural Gas 
Generation 

20.5 22.6 22.9 23.2 23.5 23.8 24.1 24.5 24.8 

Hydro 
Generation 

30.7 30.9 30.9 31.0 31.4 33.1 33.1 33.1 33.1 

Wind 
Generation 

2.8 4.4 5.4 6.5 8.8 10.6 12.7 14.5 16.2 

Other Types of 
Generation 

1.3 1.9 2.7 4.2 4.7 5.1 5.4 5.7 5.9 

Net Export 8.8 12.7 19.6 20.4 19.7 20.7 4.5 (0.2) (6.1) 

Sources: ClearSky Advisors 2011; OPA, IPSP Planning and Consultation Overview 2011;  
OPA, Ontario’s Long Term Energy Plan 2010; IESO, 18 Month Outlook December 2010 
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Table A.2: The OPA’s Domestic Content Grid as Classified by Ontario’s Wind Energy Sector Supply Chain 

The OPA’s Domestic Content Grid22 

Designated 
Activity 

Description 
Domestic Content 

Qualifying Percentage 
Supply Chain 
Classification 

1 Wind turbine blades 16% Blades 

2 Pitch system 3% Nacelle 

3 Yaw system 7% Nacelle 

4 Hub and hub casing 2% Nacelle 

5 Gearbox 11% Nacelle 

6 Generator and brake 3% Nacelle 

7 Heat exchanger 1% Nacelle 

8 Drive shaft 1% Nacelle 

9 Power converter 5% Nacelle 

10 Towers 4% Towers 

11 All steel that was formed and shaped into the towers 9% Towers 

12 Control panel and electronics 2% Electrical 

13 Nacelle frame 2% Nacelle 

14 Nacelle shell 2% Nacelle 

15 Pad mount or equivalent transformers 2% Transformer 

16 Grid connection 10% HV Systems 

17 Construction and on-site labour 15% Labour 

18 Consulting services 5% Developmental 

Sources: ClearSky Advisors 2011; OPA, Feed-In Tariff Contract 2010 

  

                                                                    
22 The official domestic content grid, as part of the Feed-In Tariff contract is available at: 
http://fit.powerauthority.on.ca/Storage/11202_FIT_Contract_Version_1.4.pdf 
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Table A.3: Job Creation (PYE) in the Ontario Wind Energy Sector by Employment Segment, Expected Scenario 2011-2018 

Construction Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Construction 
Direct 478 409 441 920 750 862 721 715 5,295 

Indirect 1,448 1,241 1,337 2,791 2,275 2,616 2,187 2,170 16,066 

Manufacturing 
Direct 332 880 948 1,979 1,613 1,855 1,551 1,539 10,696 

Indirect 332 881 949 1,981 1,615 1,856 1,552 1,540 10,706 

Professional 
Services 

Direct 237 196 211 440 359 412 345 342 2,542 

Indirect 87 72 78 162 132 152 127 126 935 

Other Services 
and Government 

Direct 773 665 716 1,495 1,219 1,401 1,171 1,163 8,604 

Indirect 436 376 405 845 689 792 662 657 4,861 

O&M Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Direct 831 863 930 1,941 1,582 1,819 1,521 1,510 10,998 

Indirect 753 753 811 1,694 1,381 1,588 1,328 1,318 9,625 

Source: ClearSky Advisors 2011 
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Table A.4: Job Creation (PYE) in the Ontario Wind Energy Sector by Employment Segment, High Scenario 2011-2018 

Construction Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Construction 
Direct 604 426 616 1,038 911 948 989 943 6,476 

Indirect 1,830 1,293 1,870 3,149 2,766 2,877 3,001 2,862 19,648 

Manufacturing 
Direct 419 917 1,326 2,233 1,961 2,040 2,128 2,029 13,053 

Indirect 420 917 1,327 2,235 1,963 2,042 2,130 2,031 13,065 

Professional 
Services 

Direct 300 204 295 497 436 454 473 451 3,110 

Indirect 110 75 108 183 160 167 174 166 1,143 

Other Services 
and Government 

Direct 977 692 1,002 1,687 1,482 1,541 1,608 1,533 10,522 

Indirect 551 391 566 953 837 871 909 866 5,945 

O&M Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Direct 1,050 899 1,301 2,190 1,924 2,001 2,087 1,990 13,442 

Indirect 952 784 1,135 1,911 1,679 1,747 1,822 1,738 11,766 

Source: ClearSky Advisors 2011 
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Table A.5: Job Creation (PYE) in the Ontario Wind Energy Sector by Employment Segment, Low Scenario 2011-2018 

Construction Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Construction 
Direct 357 359 265 482 232 290 142 - 2,126 

Indirect 1,082 1,089 803 1,462 704 881 431 - 6,451 

Manufacturing 
Direct 248 772 569 1,036 499 625 305 - 4,055 

Indirect 248 773 570 1,037 500 625 306 - 4,058 

Professional 
Services 

Direct 177 172 127 231 111 139 68 - 1,024 

Indirect 65 63 47 85 41 51 25 - 376 

Other Services 
and Government 

Direct 525 530 391 712 343 429 210 - 3,141 

Indirect 266 269 198 361 174 218 106 - 1,593 

O&M Phase 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Direct 620 757 559 1,017 491 613 323 - 4,379 

Indirect 562 660 487 887 427 535 263 - 3,822 

Source: ClearSky Advisors 2011 
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Table A.6: Supply Chain Value for the Ontario Wind Energy Sector, 2011-2018 

Wind Energy Sector Supply Chain for Ontario, 2011-2018 ($Millions) 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Construction 
Phase 

$1,366 $1,178 $1,269 $2,649 $2,159 $2,483 $2,076 $2,060 $15,240 

O&M Phase $67 $82 $98 $131 $159 $191 $217 $243 $1,187 

Ontario-
Based Total 

Value 
$528 $662 $729 $1,494 $1,237 $1,425 $1,213 $1,215 $8,503 

Industry-
Wide Total 

Value 
$1,433 $1,260 $1,367 $2,781 $2,318 $2,673 $2,293 $2,303 $16,427 

High 
Scenario 

Construction 
Phase 

$1,726 $1,227 $1,775 $2,988 $2,625 $2,731 $2,848 $2,716 $18,637 

O&M Phase $71 $87 $109 $148 $181 $216 $252 $287 $1,350 

Ontario-
Based Total 

Value 
$665 $689 $1,009 $1,685 $1,500 $1,570 $1,648 $1,589 $10,355 

Industry-
Wide Total 

Value 
$1,797 $1,314 $1,885 $3,136 $2,806 $2,947 $3,100 $3,003 $19,988 

Low 
Scenario 

Construction 
Phase 

$1,020 $1,033 $762 $1,387 $668 $836 $409 - $6,116 

O&M Phase $62 $75 $85 $103 $111 $122 $127 $127 $812 

Ontario-
Based Total 

Value 
$397 $581 $448 $795 $406 $502 $272 $49 $3,451 

Industry-
Wide Total 

Value 
$1,082 $1,108 $847 $1,490 $779 $958 $536 $127 $6,928 

Source: ClearSky Advisors 2011 
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Table A.7: Total Construction Phase Spending due to the Ontario Wind Energy Sector, Expected Scenario 2011-2018 

Total Ontario Wind Energy Sector Construction Phase Spending, 2011-2018 (Millions) 

Equipment 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Nacelle $549 $476 $513 $1,070 $872 $1,003 $839 $832 $6,154 

Blades $121 $105 $113 $236 $192 $221 $185 $183 $1,356 

Towers $167 $144 $155 $325 $265 $304 $254 $252 $1,866 

Transportation $135 $117 $126 $262 $214 $246 $205 $204 $1,508 

Balance of Plant 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Materials $204 $175 $188 $393 $320 $368 $308 $306 $2,262 

Labour $131 $112 $121 $252 $205 $236 $197 $196 $1,448 

Developmental $60 $50 $54 $112 $91 $105 $88 $87 $646 

Source: ClearSky Advisors 2011 

Note: This table represents construction phase spending for projects installed in each given year as 
indicated above.  This spending may not all occur in that year, but would likely occur over the course of 
2-3 years prior to commercial operation date (COD). 
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Table A.8 :Economic Value of the Ontario-Based Wind Energy Sector O&M Phase Supply Chain for 20-Year Generation 
Contracts ($Millions) 

20-Year Economic Value of the O&M Phase Supply Chain, 2011-2018 (Millions) 

 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Expected 
Scenario 

Ontario- 
Based 

$84  $71  $122  $254  $207  $238  $199  $197  $1,371  

Industry-
Wide 

$354  $300  $323  $675  $550  $632  $528  $525  $3,886  

High 
Scenario 

Ontario- 
Based 

$106  $74  $170  $286  $252  $262  $273  $260  $1,683  

Industry-
Wide 

$447  $312  $452  $761  $668  $695  $725  $692  $4,753  

Low 
Scenario 

 

Ontario- 
Based 

$62  $62  $73  $133  $64  $80  $40  -    $515  

Industry-
Wide 

$264  $263  $194  $353  $170  $213  $104  - $1,562  

Source: ClearSky Advisors 2011 

Note: This table represents the total O&M phase spending for projects installed in each given year as 
indicated above.  This spending will not all occur in that year, but will occur over the course of the 20 
year generation contracts. For a more detailed breakdown of likely spending by year see Table A.6. 
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About ClearSky Advisors 
ClearSky Advisors is an independent research and advisory firm focused on renewable energy markets. 
The firm was formed by experienced executives and consultants that have worked with many of the 
world’s largest and most respected energy, technology, and manufacturing companies.  The founders 
and principle consultants have been responsible for more than $100M of research activities over the 
past two decades. Adding to that, our founders and analysts have expertise in strategy development, 
business planning, project management, quantitative and qualitative research, process design, and 
research methods.  

Through a variety of research and consulting projects in the renewable energy field, ClearSky Advisors 
has developed specific expertise in the renewable energy markets in general (in Ontario, Germany, and 
the US) and the Ontario renewable energy market in particular.  

ClearSky Advisors’ clients include energy sector equipment and materials manufacturers, project 
developers, EPC providers, investors and governments. 
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Health effects and wind turbines: A review of the
literature
Loren D Knopper1* and Christopher A Ollson2

Abstract

Background: Wind power has been harnessed as a source of power around the world. Debate is ongoing with
respect to the relationship between reported health effects and wind turbines, specifically in terms of audible and
inaudible noise. As a result, minimum setback distances have been established world-wide to reduce or avoid
potential complaints from, or potential effects to, people living in proximity to wind turbines. People interested in
this debate turn to two sources of information to make informed decisions: scientific peer-reviewed studies
published in scientific journals and the popular literature and internet.

Methods: The purpose of this paper is to review the peer-reviewed scientific literature, government agency reports,
and the most prominent information found in the popular literature. Combinations of key words were entered into
the Thomson Reuters Web of KnowledgeSM and the internet search engine Google. The review was conducted in
the spirit of the evaluation process outlined in the Cochrane Handbook for Systematic Reviews of Interventions.

Results: Conclusions of the peer reviewed literature differ in some ways from those in the popular literature. In peer
reviewed studies, wind turbine annoyance has been statistically associated with wind turbine noise, but found to be
more strongly related to visual impact, attitude to wind turbines and sensitivity to noise. To date, no peer reviewed
articles demonstrate a direct causal link between people living in proximity to modern wind turbines, the noise they
emit and resulting physiological health effects. If anything, reported health effects are likely attributed to a number of
environmental stressors that result in an annoyed/stressed state in a segment of the population. In the popular
literature, self-reported health outcomes are related to distance from turbines and the claim is made that infrasound
is the causative factor for the reported effects, even though sound pressure levels are not measured.

Conclusions: What both types of studies have in common is the conclusion that wind turbines can be a source of
annoyance for some people. The difference between both types is the reason for annoyance. While it is
acknowledged that noise from wind turbines can be annoying to some and associated with some reported health
effects (e.g., sleep disturbance), especially when found at sound pressure levels greater than 40 db(A), given that
annoyance appears to be more strongly related to visual cues and attitude than to noise itself, self reported health
effects of people living near wind turbines are more likely attributed to physical manifestation from an annoyed
state than from wind turbines themselves. In other words, it appears that it is the change in the environment that
is associated with reported health effects and not a turbine-specific variable like audible noise or infrasound.
Regardless of its cause, a certain level of annoyance in a population can be expected (as with any number of
projects that change the local environment) and the acceptable level is a policy decision to be made by elected
officials and their government representatives where the benefits of wind power are weighted against their cons.
Assessing the effects of wind turbines on human health is an emerging field and conducting further research into
the effects of wind turbines (and environmental changes) on human health, emotional and physical, is warranted.
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Background
Wind power has been identified as a clean renewable
energy source that does not contribute to global warming
and is without known emissions or harmful wastes [1].
Studies on public attitudes in Europe and Canada show
strong support for the implementation of wind power
[2]. Indeed, wind power has become an integrated part of
provincial energy strategies across Canada; in Ontario,
the Ontario Power Authority has placed a great deal of
emphasis on procuring what they term “renewable and
cleaner sources of electricity”, such as wind [3].
Although wind power has been harnessed as a source

of electricity for several decades around the world, its
widespread use as a significant source of energy in
Ontario is relatively recent. As with the introduction of
any new technology, concerns have been raised that wind
power projects could lead to impacts on human health.
These concerns are related to two primary issues: wind
turbine design and infrastructure (i.e., electromagnetic
frequencies from transmission lines, shadow flicker from
rotor blades, ice throw from rotor blades and structural
failure) and wind turbine noise (i.e., levels of audible
noise [including low frequency noise] and infrasound). If
left unchecked and unmanaged, it is possible that indivi-
dually or cumulatively, these issues could lead to poten-
tial health impacts. In terms of noise, high sound
pressure levels (loudness) of audible noise and infrasound
have been associated with learning, sleep and cognitive
disruptions as well as stress and anxiety [4-8].
As a result, minimum setback distances have been estab-

lished world-wide to reduce or avoid potential effects for
people living in proximity to wind turbines. Under the
Ontario Renewable Energy Approval (REA) Regulation
(O. Reg. 359/09, as amended by O. Reg. 521/10), a mini-
mum setback distance of 550 m must exist between the
centre of the base of the wind turbine and the nearest
noise receptor (e.g., a building or campground). This mini-
mum setback distance was developed through noise mod-
eling under worst-case conditions to give a conservative
estimate of the required distance to attain a sound level of
40 dB(A) [9], the noise level that corresponds to the
WHO (Europe) night-noise guideline, a health-based limit
value “necessary to protect the public, including most of
the vulnerable groups such as children, the chronically ill
and the elderly, from the adverse health effects of night
noise” [8]. Globally, rural residential noise limits are gener-
ally set at 35 to 55 dB(A) [10].
This paper focuses on the research involving land-

based wind turbine projects. There are several interna-
tional off-shore marine projects that are in operation.
There was considerable interest in Ontario in develop-
ing off-shore wind projects on the Great Lakes. How-
ever, in February, 2011 the Province announced that it

would not proceed with proposed offshore wind projects
until further scientific research is conducted http://www.
news.ontario.ca/ene/en/2011/02/ontario-rules-out-off-
shore-wind-projects.html. This does not appear to have
been related, however, to health concerns.
Regardless, debate is ongoing with respect to the rela-

tionship between reported health effects and wind
turbines, specifically in terms of audible and inaudible
noise. People interested in this debate tend to turn to two
sources of information in order to make decisions: scienti-
fic peer-reviewed studies published in scientific journals,
and the popular literature and internet. For the general
public, the latter sources are the most readily available and
numerous websites have been constructed by individuals
or groups to support or oppose the development of wind
farms. Often these websites state the perceived impacts
on, or benefits to, human health to support the position of
the individual or group. The majority of information
posted on these websites cannot be traced back to a scien-
tific peer-reviewed source and is typically anecdotal in
nature. This serves to spread misconceptions about the
potential impacts of wind energy on human health making
it difficult for the general public (and scientists) to ascer-
tain which claims can be substantiated by scientific
evidence.
Accordingly, the purpose of this paper is to provide

results of a review of the peer-reviewed scientific literature
and the most prominent information found in the popular
literature. We have selected this journal as the source of
publication because it is a scientifically credible journal
with peer-reviewed articles that are easily accessible by the
general population who are interested in the subject of
wind turbines and health effects. Results of this review are
used to draw conclusions about wind turbines and health
effects using a weight-of-evidence approach.

Methods
Peer-Reviewed Literature
Publication of scientific findings is the basis of scientific
discourse, communication and debate. The peer review
process is considered a fundamental tenet of quality
control in scientific publishing. Once a research paper
has been submitted to a journal for publication it is
reviewed by external independent experts in the field.
The experts review the validity, reliability and impor-
tance of the results and recommend that the manuscript
be accepted, revised or rejected. This process, though
not perfect, ensures that the methods employed and the
findings of the research receive a high level of scrutiny,
such that an independent researcher could repeat the
experiment or calculation of results, prior to their publi-
cation. This process seeks to ensure that the published
research is of a high standard of quality, accurate, can
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be reproduced and demonstrates academic/professional
integrity.
In order to assess peer-reviewed studies designed to

test hypotheses about the association between potential
health effects in humans and wind turbines, a review of
the primary scientific literature was conducted. While
our review did not strictly follow the evaluation process
outlined in the Cochrane Handbook for Systematic
Reviews of Interventions [11], the standard for conduct-
ing information reviews in healthcare and pharmaceutical
industries, it was conducted in the spirit of the Cochrane
systematic review in that it was designed based on the
principle that “science is cumulative”, and by considering
all available evidence, decisions could be made that
reflect the best science available. It also involves critical
review and critique of the published literature and at
times weighting some manuscripts over others in the
same scientific field.
To facilitate this review, combinations of key words (i.e.,

annoyance, noise, environmental change, sleep distur-
bance, epilepsy, stress, health effect(s), wind farm(s), infra-
sound, wind turbines(s), low frequency noise, wind turbine
syndrome, neighborhood change) were selected and
entered into the Thomson Reuters (formerly ISI) Web of
KnowledgeSM. The Web of KnowledgeSM is a database
that covers over 10,000 high-impact journals in the
sciences, social sciences, and arts and humanities, as well
as international proceedings coverage for over 120,000
conferences. The Web of KnowledgeSM comprises seven
citation databases, two of which are relevant to the search:
the Science Citation Index Expanded (SCI-Expanded)
and the Social Sciences Citation Index (SSCI). The SCI-
Expanded includes over 6,650 major journals across
150 scientific disciplines and includes all cited references
captured from indexed articles. Coverage of the literature
spans the year 1900 to the present. On average, 19,000
new records per week are added to the SCI-Expanded.
SSCI is a multidisciplinary index of the social sciences
literature. SSCI includes over 1,950 journals across
50 social sciences disciplines from the year 1956 to the
present. It averages 2,900 new records per week. Use of
this literature search platform means the most up-to-date
multidisciplinary studies published and peer-reviewed
could be obtained.
Although hundreds of articles were found during the

search, very few were related to the association between
potential health effects and wind turbines. For example,
numerous articles have been published about infrasound,
but very few have been published about infrasound and
wind turbines. Indeed, only fifteen articles, published
between 2003 and 2011, were found relevant [12-26].
What can be seen from these articles is that the relation-
ship between wind turbines and human responses to
them is extremely complex and influenced by numerous

variables, the majority of which are nonphysical. What is
clear is that some people living near wind turbines
experience annoyance due to wind turbines, and visual
impact tends to be a stronger predictor of noise annoy-
ance than wind turbine noise itself. Swishing, whistling,
resounding and pulsating/throbbing are sound character-
istics most highly correlated with annoyance by wind tur-
bine noise for those people who noticed the noise outside
their dwellings. Some people are also disturbed in their
sleep by wind turbines. In general, five key points have
come out of these peer-reviewed studies with regards to
health and wind turbines.

1. People tend to notice sound from wind turbines
almost linearly with increasing sound pressure level
In the studies designed to evaluate the interrelationships
amongst annoyance and wind turbine noise, as well as the
influence of subjective variables such as attitude and noise
sensitivity, Pedersen and Persson Waye [13-15] showed
that people tend to notice sound from wind turbines
almost linearly with increasing sound pressure level.
Briefly, Pedersen and Persson Waye conducted cross-
sectional studies (in 2004: n = 351; in 2007: n = 754) and
gave people questionnaires regarding housing and satisfac-
tion with the living environment, including questions
about degree of annoyance experienced outdoors and
indoors and sensitivity to environmental factors, wind tur-
bines (noise, shadows, and disturbances), respondents’
level of perception and annoyance, and verbal descriptors
of sound and perceptual characteristics. The third section
had questions about chronic health (e.g., diabetes, tinnitus,
cardiovascular diseases), general wellbeing (e.g., headache,
undue tiredness feeling tensed/stressed, irritable) and nor-
mal sleep habits (e.g., quality of sleep, whether or not sleep
was disturbed by any noise source). The last section com-
prised questions on employment and working hours. Of
import, the purpose of the study was masked in the ques-
tionnaires, which was done to reduce the potential for
survey bias.
Of the 754 respondents involved in the Pedersen and

Persson Waye study [14], 307 (39%) noticed sound from
wind turbines outside their dwelling (range of sound pres-
sure level: < 32.5, 32.5-35.0, 35.0-37.5, 37.5-40.0, and >
40.0 dB(A)) and the proportion of respondents who
noticed sound increased almost linearly with increasing
noise. In the 37.5-40.0 dB(A) range, 76% of the 71 respon-
dents reported that they noticed sound from the wind tur-
bines; 90% of respondents (n = 18) in the > 40.0 dB(A)
category noticed sound from the wind turbines. The odds
of noticing sound increased by 30% for each increase in
dB(A) category. When data from both studies [13,14] were
combined (n = 1095) results were the same: the propor-
tion of respondents who noticed sound from wind
turbines showed increased almost linearly with increasing
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sound pressure level from roughly 5-15% of people noti-
cing noise at 29 dB(A) to 45-90% noticing noise at 41 dB
(A)[15].
In 2011 Pedersen [25] reported on the results of three

cross-sectional studies conducted in two areas of Sweden
(a flat rural landscape (n = 351) and suburban sites with
hilly terrain (n = 754) and one location in the Netherlands
(flat landscape but with different degrees of road traffic
intensity (n = 725)) designed assess the relationship
between wind turbine noise and possible adverse health
effects. Questionnaires were mailed to people in the three
areas to obtain information about annoyance and health
effects in response to wind turbines noise. Pedersen
included questions about several potential environmental
stressors and did not allow participants to know that the
focus of the study was on wind turbine noise, again in an
attempt to reduce self-reporting survey bias. For each
respondent, sound pressure levels (dB(A)) were calculated
for nearby wind turbines. The questionnaires were
designed to obtain information about people’s response to
noise (i.e., annoyance), diseases or symptoms of impaired
health (i.e., chronic disease, diabetes, high blood pressure,
cardiovascular disease, tinnitus, impaired hearing), stress
symptoms (i.e., headache, undue tiredness, feeling tense or
stressed, feeling irritable), and disturbed sleep (i.e., inter-
ruption of the sleep by any noise source). Results showed
that the frequency of those annoyed with wind turbines
was related to an increase in sound pressure level as
shown by odds ratios (OR) with 95% confidence intervals
(CI) greater than 1.0. Sleep interruption was associated
with sound level in two of the three studies (the areas with
flat terrain), but unlike the finding that people tend to
notice sound from wind turbines almost linearly with
increasing sound pressure level, sleep disturbance did not
increase gradually with noise levels, but spiked at 40 dBA
and 45 dBA.

2. A proportion of people that notice sound from wind
turbines find it annoying
Results of the Pedersen and Persson Waye studies [13-15]
also suggested that the proportion of participants who
were fairly annoyed or very annoyed remained quite level
through the 29-37 dB(A) range (no more than roughly
5%) but increased at noise levels above 37 dB(A), with
peaks at 38 db(A) and 41 dB(A), where up to 30% of peo-
ple were very annoyed. Respondents in the cross-sectional
studies (and other studies [12]) noted that swishing, whis-
tling, resounding and pulsating/throbbing were the sound
characteristics that were most highly correlated with
annoyance by wind turbine noise among respondents who
noticed the noise outside their dwellings. This was also
found by Leventhall [16]. Seven percent of respondents
(n = 25) from the Pedersen and Persson Waye study [13]
were annoyed by noise from wind turbines indoors, and

this was related to noise category; 23% (n = 80) were
disturbed in their sleep by noise. Of the 128 respondents
living at sound exposure above 35.0 dB(A), 16% (n = 20)
stated that they were disturbed in their sleep by wind tur-
bine noise. The authors comment that some people may
find wind turbine noise more annoying than that of other
types of noise (e.g., airplane and traffic) experienced at
similar decibel levels.
Similar results were shown by Pedersen and Persson

Waye [14]: a total of 31 of the 754 respondents said they
were annoyed by wind turbine noise. In the < 32.5 to the
37.5 dB(A) category 3% to 4% of people said they were
annoyed by wind turbine noise; in the 37.5-40.0 dB(A)
category, 6% of the 71 respondents were annoyed; and in
the > 40.0 category, 15% of 20 of respondents said they
were annoyed by wind turbine noise. In addition, 36% of
those 31 respondents who were annoyed by wind turbine
noise reported that their sleep was disturbed by a noise
source. Nine percent of those 733 respondents not
annoyed said their sleep was disturbed by a noise source.
Results of Pedersen [25] showed similar results: the fre-
quency of those annoyed was related to an increase in
sound pressure level. Moreover, self reported health effects
like feeling tense, stressed, and irritable, were associated
with noise annoyance and not to noise itself (OR and 95%
CI > 1.0). Sleep interruption, however, was associated with
sound level and annoyance (OR and 95%CI > 1.0). Peder-
sen notes that this finding is not necessarily evidence of a
causal relationship between wind turbine noise and stress
but may be explained by cognitive stress theory whereby
“an individual appraises an environmental stressor, such as
noise, as beneficial or not, and behaves accordingly”. In
other words, it appears that it is the change in the environ-
ment that is associated with the self-reported health
effects, not the presence of wind turbines themselves.
Keith et al. [17] proposed that in a quiet rural setting,

the predicted sound level from wind turbines should not
exceed 45 dB(A) at a sensitive receptor location (e.g., resi-
dences, hospitals, schools), a value below the World
Health Organization guideline for sleep and speech distur-
bance, moderate annoyance and hearing impairment. The
authors [17] suggest this level of noise could be expected
to result in a 6.5% increase in the percentage of highly
annoyed people. Since publication of the Keith et al. study,
the WHO Europe Region has released new Night Noise
Guidelines for Europe [8] and state that: “The new limit is
an annual average night exposure not exceeding 40 deci-
bels (dB), corresponding to the sound from a quiet street
in a residential area”. The value of 40 dB is considered the
lowest observed adverse effect level (LOAEL) for night
noise based on the finding that an average night noise
level over a year of 30-40 dB can result in a number of
effects on sleep such as body movements, awakening, self-
reported sleep disturbance and arousals [8]. The WHO
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states that even in the worst cases these effects seem
modest [8].

3. Annoyance is not only related to wind turbine noise
but also to subjective factors like attitude to visual
impact, attitude to wind turbines and sensitivity to noise
Pedersen and Persson Waye [13] revealed that attitude to
visual impact, attitude to wind turbines in general, and
sensitivity to noise were also related to the way people
perceived noise from turbines. For example, 13% of the
variance in annoyance from wind farms could be
explained by noise and the odds that respondents would
be annoyed by noise from wind turbines increased 1.87
times from one sound category to the next. When noise
and attitude to visual impact was statistically assessed,
46% of the variance in annoyance from wind farms could
be explained and the odds that respondents would be
annoyed from wind turbines increased 5.05 times from
one sound category to the next. Statistical analyses
showed that while attitude to wind turbines in general
and sensitivity to noise were also related to annoyance,
they did not have a greater influence on annoyance than
visual effect. Building on their 2004 paper, Pedersen and
Persson Waye [14] conducted a cross-sectional study in
seven areas in Sweden across dissimilar terrains and with
different degrees of urbanization. Three areas were classi-
fied as suburban; four as rural. Noise annoyance related
to wind turbines was also statistically related to whether
or not people live in suburban or rural areas and land-
scape (flat vs. hilly/complex). Visual impact has come out
as a stronger predictor of noise annoyance than wind tur-
bine noise itself. People who economically benefit from
wind turbines had significantly decreased levels of annoy-
ance compared to individuals that received no economic
benefit, despite exposure to similar sound levels [18].
One suggestion of the difference between rural and sub-

urban areas is level of background sound and interestingly,
perception and annoyance was associated with type of
landscape, “indicating that the wind turbine noise inter-
fered with personal expectations in a less urbanised area...
pointing towards a personal factor related to the living
environment” [14]. The authors also concluded that visual
exposure enhances the negative associations with turbines
when coupled with audible exposure. They also point out
that this study showed that aesthetics play a role in annoy-
ance: “respondents who think of wind turbines as ugly are
more likely to appraise them as not belonging to the land-
scape and therefore feel annoyed” [14].
In 2007 Pedersen et al. [19] conducted a grounded the-

ory study to gain a deeper understanding of how people
living near wind turbines perceive and are affected by
them. Findings indicated that the relationship between
exposure and response is complex and possibly

influenced by variables not yet identified, some of which
are nonphysical. The notion that wind turbines are
“intruders” is a finding not reported elsewhere. A conclu-
sion of this paper is that when the impacts of wind tur-
bines are assessed, values about the living environment
are important to consider as values are firmly rooted
within a personality and difficult to change.
In 2008, Pedersen and Larsman [20] conducted a study

to assess visibility of wind turbines, visual attitude and
vertical visual angle (VVA) in different landscapes. This
study follows up on the findings of previous work showing
a relationship between noise annoyance in people living
near wind turbines and the impact of visual factors as well
as an individual’s attitude toward noise [13-15,25]. Overall,
Pedersen and Larsman concluded that respondents in a
landscape where wind turbines could be perceived as con-
trasting with their surroundings (i.e., flat areas) had a
greater probability of noise annoyance than those in hilly
areas (where turbines were not as obvious), regardless of
sound pressure level, if they thought wind turbines were
ugly, unnatural devices that would have a negative impact
on the scenery. The enhanced negative response could be
linked to aesthetical response, rather than to multi-modal
effects of simultaneous auditory and visual stimulation.
Moreover, VVA was associated with noise annoyance,
especially for respondent who could see at least one wind
turbine from their dwelling, if they were living in flat ter-
rain and rural areas. Pedersen and Larsman suggest that
these results underscore the importance of visual attitude
towards the noise source when exploring response to
environmental noise. In 2010 Pedersen et al. [21] hypothe-
sized that if high levels of background sound can reduce
annoyance by masking the noise from a wind farm, then
turbines could cause less noise annoyance when placed
next to motorways instead of quiet agricultural areas. In
general, the hypothesis was not supported by the available
data [15], further providing support for the notion of
visual cue being a strong driver of annoyance.

4. Turbines are designed not to pose a risk of photo-
induced epilepsy
Harding et al. [22] and Smedley et al. [23] investigated the
relationship between photo-induced seizures (i.e., photo-
sensitive epilepsy) and wind turbine blade flicker (also
known as shadow flicker). This is an infrequent event,
typically modelled to occur less than 30 hours a year from
wind turbine projects we have reviewed and would be
most common at dusk and dawn, when the sun is at the
horizon. Both studies suggested that flicker from turbines
that interrupt or reflect sunlight at frequencies greater
than 3 Hz pose a potential risk of inducing photosensitive
seizures in 1.7 people per 100,000 of the photosensitive
population. For turbines with three blades, this translates
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to a maximum speed of rotation of 60 rpm. The normal
practice for large wind farms is for frequencies well below
this threshold.
Although shadow flicker from wind turbines is unlikely

lead to a risk of photo-induced epilepsy there has been
little if any study conducted on how it could heighten the
annoyance factor of those living in proximity to turbines.
It may however be included in the notion of visual cues.
In Ontario it has been common practice to attempt to
ensure no more than 30 hours of shadow flicker per
annum at any one residence.

5. The human ear responds to infrasound
Infrasound is produced by physiological processes like
respiration, heartbeat and coughing, as well as man-made
sources like air conditioning systems, vehicles, some
industrial processes and wind turbines. Salt and Hullar
[24] provide data to suggest that the assumption that
infrasound presented at an amplitude below what is audi-
ble has no influence on the ear is erroneous and sum-
marize the results of previous studies that show a
physiological response of the human ear to low frequency
noise (LFN) and infrasound. At very low frequencies the
outer hair cells (OHC) of the cochlea may be stimulated
by sounds in the inaudible range. Salt and Hullar
hypothesize that “if infrasound is affecting cells and
structures at levels that cannot be heard this leads to the
possibility that wind turbine noise could be influencing
function or causing unfamiliar sensations”. These authors
do not test this hypothesis in their paper but suggest the
need for further research.
To assess the possibility that the operation of wind tur-

bines may create unacceptable levels of low frequency
noise and infrasound, O’Neal et al. [26] conducted a study
(commissioned by a wind energy developer, NextEra
Energy Resources, LLC) to measure wind turbine noise
outside and within nearby residences of turbines. At the
Horse Hollow Wind Farm in Taylor and Nolan Counties,
Texas, broadband (A-weighted) and one-third octave band
data (3.15 hertz to 20,000 hertz bands) were simulta-
neously collected from General Electric (GE) 1.5sle
(1.5 MW) and Siemens SWT-2.3-93 (2.3 MW) wind tur-
bines. Data were collected outdoors and indoors over the
course of one week under a variety of operational condi-
tions (it should be noted that wind speeds were low during
the measurements; between 3.2 and 4.1 m/s) at two dis-
tances from the nearest wind turbines: 305 meters and
457 meters. O’Neal et al. found that the measured low fre-
quency sound and infrasound at both distances (from
both turbine types at maximum noise conditions) were
less than the standards and criteria published by the cited
agencies (e.g., UK DEFRA (Department for Environment,
Food, and Rural Affairs); ANSI (American National
Standards Institute); Japan Ministry of Environment). The

authors concluded that results of their study suggest that
there should be no adverse public health effects from
infrasound or low frequency noise at distances greater
than 305 meters from the two wind turbine types
measured.

Popular Literature
Scientific studies peer reviewed and published in scienti-
fic journals are one way of disseminating information
about wind turbines and health effects. The general pub-
lic does not always have access to scientific journals and
often get their information, and form opinions, from
sources that are less accountable (e.g., the popular litera-
ture and internet). Some of the same key words used to
obtain references from the primary literature were
entered into the common internet search engine Google:
“health effects wind farms” returned 300,000 hits; “health
effects wind turbines” returned 120,000 hits; “annoyance
wind turbines” returned 185,000 hits and “sleep distur-
bance wind turbines” returned 19,500 hits. What is
apparent is that numerous websites have been con-
structed by individuals or groups to support or oppose
the development of wind turbine projects, or media sites
reporting on the debate. Often these websites state the
perceived impacts on, or benefits to, human health to
support the position of the individual or group hosting
the website. The majority of information posted on these
websites cannot be traced back to a scientific, peer-
reviewed source and is typically anecdotal in nature. In
some cases, the information contained on and propa-
gated by internet websites and the media is not sup-
ported, or is even refuted, by scientific research. This
serves to spread misconceptions about the potential
impacts of wind energy on human health, which either
fuels or diminishes opposition to wind turbine project
development.
Works by Dr. Michael Nissenbaum conducted at Mars

Hill and Vinalhaven Maine [27] and Dr. Nina Pierpont in
New York [28] seem to be the primary popular literature
studies referenced on websites. These works suggest a
causal link between human health effects and wind tur-
bines. Works by Dr. Robert McMurtry and Carmen
Krogh, and Lorrie Gillis, Carmen Krogh and Dr. Nicholas
Kouwen [29] have also been used to suggest a relation-
ship between health and turbines. These works have been
presented as reports or as slide presentations on websites
and authors of these studies have presented their findings
in various forua such as invited lectures, affidavits, public
meetings and open houses. Briefly, Nissenbaum evaluated
22 exposed adults (defined as living within 3500 ft of an
arrangement of 28 1.5 MW wind turbines) and 27 unex-
posed adults (living about 3 miles away from the nearest
turbine). Participants were interviewed and asked a num-
ber of questions about their perceived health, levels of
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stress and reliance on prescription medications in rela-
tion to the turbines [27].
In 2009, a book entitled Wind Turbine Syndrome: A

Report on a Natural Experiment by Dr. Nina Pierpont,
was self-published and describes “Wind Turbine Syn-
drome”, the clinical name Dr. Pierpont coined for the col-
lection of symptoms reported to her by people residing
near wind turbines [28]. The book describes a case series
study she conducted involving interviews of 10 families
experiencing adverse health effects and who reside near
wind turbines. Similar to the process followed by Nissen-
baum, people living in proximity wind turbines were inter-
viewed about their health. For all of these works, self-
reported symptoms generally included sleep disturbance,
headache, tinnitus (ringing in the ears), ear pressure, dizzi-
ness, vertigo, nausea, visual blurring, tachycardia (rapid
heart rate), irritability, problems with concentration and
memory and panic episodes. These symptoms have been
purported to be associated with proximity to wind tur-
bines, and specifically, to the infrasound emitted by the
turbines. It should be noted that of the 351 people
assessed by Pedersen and Persson Waye [13], 26% (91)
reported chronic health issues (e.g., diabetes, tinnitus, car-
diovascular diseases), but these issues were not statistically
associated with noise levels. Results of Pedersen [25]
showed similar results: self reported health effects like feel-
ing tense, stressed, and irritable, were associated with
noise annoyance and not to noise itself. Sleep interruption,
however, was associated with sound level and annoyance.
In 2007, Alves-Pereira and Castelo Branco http://www.

wind-watch.org/documents/industrial-wind-turbines-
infrasound-and-vibro-acoustic-disease-vad/ issued a
press-release suggesting that their research demonstrated
that living in proximity to wind turbines has led to the
development of vibro-acoustic disease (VAD) in nearby
home-dwellers. It appears that this research has only
been presented at a conference, has not been published
in a peer-reviewed journal nor has it undergone thorough
scientific review. Moreover, Alves-Pereira and Castelo
Branco appear to be the primary researchers that have
promulgated VAD as a hypothesis for adverse health
effects and wind turbines. Indeed, Dr. Pierpont has noted
that VAD is not the same “wind turbine syndrome” [28].
To date, these studies have not been subjected to rigor-

ous scientific peer review, and given the venue for their
distribution and limited availability of data, it is extremely
difficult to assess whether or not the information provided
is reliable or valid. What is apparent, however, is that
these studies are not necessarily scientifically defensible:
they do not contain noise measurements, only measured
distances from study participants to the closest turbines;
they do not have adequate statistical representation of
potential health effects; only limited rationale is provided
for the selection of study participants (in some cases

people living in proximity to turbines have been excluded
from the study); they suffer from a small number of parti-
cipants and appear to lack of objectivity as authors are
also known advocates who oppose wind turbine develop-
ments. Unlike the questionnaires used by Pedersen et al.
[13-15,25], the purpose of the studies are not hidden from
participants. In fact, the selection process is highly biased
towards finding a population who believes they have been
affected by turbines. This is not an attempt to discount
the self-reported health issues of residents living near
wind turbines. Rather, it points out that the self-reported
health issues have not been definitively linked to wind
turbines.
What the peer reviewed literature and popular literature

have in common is the conclusion that wind turbines can
be a source of annoyance for some people. Of note are the
different reasons and possible causes for annoyance. In the
peer reviewed studies, annoyance tends to peak in the >
35 dB(A) range but tends to be more strongly related to
subjective factors like visual impact, attitude to wind tur-
bines in general (benign vs. intruders) and sensitivity to
noise rather than noise itself from turbines. In the popular
literature, health outcomes tend to be more strongly
related to distance from turbines and the claim that infra-
sound is the causative factor. Though sound pressure level
in most of the peer reviewed studies was scaled to dB(A)
(but refer to O’Neal et al. [26] for actual measurements of
low frequency noise and infrasound), infrasound is a com-
ponent of the sound measurements and was inherently
accounted for in the studies.

Annoyance
Studies on the health effects of wind turbines, both pub-
lished and peer-reviewed and presented in the popular lit-
erature, tend to conclude that wind turbines can cause
annoyance for some people. A number of governmental
health agencies agree that while noise from wind turbines
is not loud enough to cause hearing impairment and are
not causally related to adverse effects, wind turbines can
be a source of annoyance for some people [1,30-34].
It has been hypothesized that the self reported health

effects (e.g., sleep disturbance, headache, tinnitus (ringing
in the ears), ear pressure, dizziness, vertigo, nausea, visual
blurring, tachycardia (rapid heart rate), irritability, pro-
blems with concentration and memory, and panic epi-
sodes) are related to infrasound emitted from wind
turbines [28]. Studies where biological effects were
observed due to infrasound exposure were conducted at
sound pressure levels (e.g., 145 dB and 165 dB [5,16]; 130
dB [7]) much greater than what is produced by wind tur-
bines (e.g., see O’Neal et al. [26]). Infrasound is not
unique to wind turbines but is ubiquitous in the environ-
ment due to natural and man-made sources, meaning
that people living near wind turbines were exposed to
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infrasound prior to turbine operation. For example, Ber-
glund and Hassmen [35] reported that infrasound (a
component of low frequency sound) is emitted from road
vehicles, aircraft, industrial machinery, artillery and
mining explosions, air movement machinery including
wind turbines, compressors, and air-conditioning units,
and Leventhall [5] reported that infrasound comes from
natural sources like meteors, volcanic eruptions and
ocean waves. Indeed, many mammals communicate
using infrasound [36]. Given the low sound pressure
levels of infrasound emitted from wind turbines and the
ubiquitous nature of these sounds, the hypothesis that
infrasound is a causative agent in health effects does not
appear to be supported.
Peer reviewed and scientifically defensible studies sug-

gest that annoyance and health effects are more strongly
related to subjective factors like visual impact and attitude
to wind turbines rather than to noise itself (both audible
and inaudible [i.e., infrasound]). Indeed, many of the self
reported health effects are associated with numerous
issues, many of which can be attributed to anxiety and
annoyance (e.g., Pedersen 2011 [25]). Shargorodsky et al.
[37] published that roughly 50 million adults in the United
States reported having tinnitus, which is statistically corre-
lated (based on 14,178 participants) to age, racial/ethnic
group, hypertension, history of smoking, loud leisure-time,
firearm, and occupational noise, hearing impairment and
generalized anxiety disorder (based on 2265 participants)
identified using a World Health Organization Composite
Diagnostic Interview). In fact, the odds of tinnitus being
related to anxiety disorder were greatest for any of the
variables tested. Folmer and Griest [38], based on a study
of 174 patients undergoing treatment for tinnitus at the
Oregon Health Sciences University Tinnitus Clinic
between 1994 and 1997, reported that insomnia is asso-
ciated with greater severity of tinnitus. Insomnia is also
associated with anxiety and annoyance. Bowling et al. [39]
described statistically that people’s perceptions of neigh-
bourhood environment can influence health. Perceptions
of problems in the area (e.g., noise, crime, air quality, rub-
bish/litter, traffic, graffiti) were predictive of poorer health
score. In their 2003 publication Henningsen and Priebe
[40] discussed the characteristics of “New Environmental
Illness”, illnesses where patients strongly believe their
symptoms are caused by environmental factors, even
though symptoms are not consistent with empirical evi-
dence and medically unexplained. A key component to
such illnesses is the patient’s attitude toward the source of
the environmental factor. What is more, health effects
from annoyance have been shown to be mitigated though
behavioural and cognitive behavioural interventions
[30,41], lending support to Pedersen’s [25] conclusion that
health effects can be explained by cognitive stress theory.
In other words, it appears that it is the change in the

environment that is associated with health effects, not a
turbine-specific variable like infrasound.

Conclusions
Wind power has been harnessed as a source of power
around the world. Debate is ongoing with respect to the
relationship between reported health effects and wind
turbines, specifically in terms of audible and inaudible
noise. As a result, minimum setback distances have
been established world-wide to reduce or avoid potential
effects for people living in proximity to wind turbines.
People interested in this debate turn to two sources of
information to make informed decisions: scientific peer-
reviewed studies published in scientific journals and the
popular literature and internet.
We found that conclusions of the peer reviewed litera-

ture differ in some ways from the conclusions of the stu-
dies published in the popular literature. What both types
of studies have in common is the conclusion that wind
turbines can be a source of annoyance for some people. In
the peer reviewed studies, wind turbine annoyance and
some reported health effects (e.g., sleep disturbance) have
been statistically associated with wind turbine noise espe-
cially when found at sound pressure levels greater than
40 db(A), but found to be more strongly related to subjec-
tive factors like visual impact, attitude to wind turbines in
general and sensitivity to noise. To date, no peer reviewed
scientific journal articles demonstrate a causal link
between people living in proximity to modern wind
turbines, the noise (audible, low frequency noise, or infra-
sound) they emit and resulting physiological health effects.
In the popular literature, self-reported health outcomes
and annoyance are related to distance from turbines and
the claim is made that infrasound is the causative factor
for the reported effects, even though sound pressure levels
are not measured. Infrasound is not unique to wind tur-
bines and the self reported health effects of people living
in proximity to wind turbines are not unique to wind tur-
bines. Given that annoyance appears to be more strongly
related to visual cues and attitude than to noise itself, self
reported health effects of people living near wind turbines
are more likely attributed to physical manifestation from
an annoyed state than from infrasound. This hypothesis is
supported by the peer-reviewed literature pertaining to
environmental stressors and health.
The authors have spent countless hours at community

public consultation events hosted by proponents announ-
cing new projects and during updates to their environ-
mental assessment process. Historically, citizens’
concerns about wind turbine projects appeared to involve
potential impact on property values and issues surround-
ing avian and bat mortality. Increasingly in North Amer-
ica the issue surrounding fears of potential harm to
residents’ health have come to the forefront of these
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meetings. It is clear that the announcement of a new pro-
ject can led to a heightened sense of anxiety and annoy-
ance in some members of the public, even prior to
construction and operation of a wind turbine project.
The authors have been involved in all manner of risk
communication, consultation and risk assessment pro-
jects in the energy sector in Canada and it has been our
experience that this heightened sense of annoyance, agi-
tation or fear is not unique to the wind turbine sector.
Whether the proposed project is a wind turbine, gas-fired
station, coal plant, nuclear power plant, or energy-from-
waste incinerator we have seen a level of concern in a
sub-set of the population that goes well beyond anything
that would be considered the traditional sense of not-in-
my-back-yard (NIMBY). These people genuinely are fear-
ful about the potential health effects that the project may
cause, regardless of the outcomes of quantitative assess-
ments that demonstrate that there is a de minimus of
potential risk in living next to a particular facility. The lit-
erature and our own experience highlight the need for
informative discussions between wind power developers
and community members in order to attempt to reduce
the level of apprehension. We encourage continued dia-
logue between concerned citizens and developers once
projects become operational.
Canadian public health agencies subscribe to the World

Health Organization definition of health. “Health is a state
of complete physical, mental and social well-being and not
merely the absence of infirmity or disease”, a quote often
used by both sides of the wind turbine debate. We believe
that the primary role of the environmental health/risk
assessment practitioner is to ensure that physiological
manifestation of infirmity or disease is not predicted to
occur from exposure to an environmental contaminant. In
terms of wind power, ethics dictate an honest reporting of
the issues surrounding annoyance and the fact that it
appears that a limited number of people have self-reported
health effects that may be attributed to the indirect effects
of visual and attitudinal cue. We believe that any physiolo-
gical based effect can be mitigated through the use of
appropriate setback distances. However, it is not clear that
for this hypersensitive annoyed population that any set
back distance could mitigate the indirect effects. There-
fore, it is up to our elected officials and ministerial staff
when establishing an energy source hierarchy to weigh all
of the information before them to determine the trade-offs
between “mental and social well-being” of these indivi-
duals against the larger demand for energy and its source.
A number of governmental health agencies agree that

while noise from wind turbines is not loud enough to
cause hearing impairment and are not causally related
to adverse effects, wind turbines can be a source of
annoyance for some people. Ultimately it is up to gov-
ernments to decide the level of acceptable annoyance in

a population that justifies the use of wind power as an
alternative energy source.
Assessing the effects of wind turbines on human health

is an emerging field, as demonstrated by the limited
number of peer-reviewed articles published since 2003.
Conducting further research into the effects of wind tur-
bines (and environmental change) on human health,
emotional and physical, as well as the effect of public
consultation with community groups in reducing pre-
construction anxiety, is warranted. Such an undertaking
should be initiated prior to public announcement of a
project, and could involve baseline community health
and attitude surveys, baseline noise and infrasound moni-
toring, observation and questionnaires administered to
public during the siting and assessment process, noise
modeling and then post-construction follow-up on all of
the aforementioned aspects. Regardless it would be
imperative to ensure robust study design and a clear
statement of purpose prior to study initiation.
We believe that research of this nature should be under-

taken by multi-disciplinary teams involving, for example,
acoustical engineers, health scientists, epidemiologists,
social scientists and public health physicians. Ideally devel-
opers, government agencies, consulting professionals and
non-government organizations would form collaborations
in attempt to address these issues.
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Re: Wind Farm Study – Effect on Real Estate Values
in the Municipality of Chatham-Kent, Ontario

Further to your request, we have now completed our study analysing the effect on real estate 
values arising from the installation and operation of wind turbines.  For the purpose of 
preparing this consulting report, the location selected for analysis comprised an area of South 
Western Ontario, south of the City of Chatham, along the north shore of Lake Erie near the 
community of Merlin. 

The following consulting report was prepared in accordance with the Canadian Uniform 
Standards of Professional Appraisal Practice for the APPRAISAL INSTITUTE OF CANADA.
The report was required to enable the addressee to consider the impacts on the market value 
of nearby residential properties and their marketability, on behalf of the Association members.  
The applicability of the study results to wind farm developments in other regions of Ontario 
and Canada is discussed herein.   The report, if necessary, may also form the basis of 
testimony at subsequent hearings. 
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This report demonstrates the following: 

In the study area, where wind farms were clearly visible, there was no empirical evidence to 

indicate that rural residential properties realized lower sale prices than similar residential 

properties within the same area that were outside of the viewshed of a wind turbine. 

The opinions reported herein are subject to the extraordinary assumptions, qualifications, 
limiting conditions and underlying assumptions as set out herein.  This report contains 85
pages including Addendums, and is not valid unless it contains original signatures. 

The authors reserve the right to revise the opinions set out herein, in light of any facts and 
conditions that become known subsequent to the date of the report, which have an impact 
on the conclusions reached. 

A special note of thanks is extended to Paul Puopolo of the IBI Group in Kitchener for his 
help in providing background material etc. An outline of their most recent experience in the 
Electrical Energy related field has been included in Addendum “B”. 

Thank you for choosing our firms to conduct this important study on wind farms. 

Respectfully submitted, 

John Simmons Realty Services Ltd.                                           Canning Consultants Inc 

L. John Simmons, AACI, FRI, CMR, PLE                       George Canning, AACI, P.App, PLE 
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EXECUTIVE SUMMARY

STUDY PURPOSE: Execute a market-based empirical study into the effect of wind 
turbines on local residential real estate values. This study 
focuses only on the Municipality of Chatham-Kent.

FUNCTION OF REPORT: Provide an independent, objective and reproducible analysis of 
market evidence into the effect of wind turbines on real estate 
values in the Municipality of Chatham-Kent. 

BACKGROUND: Wind energy development has occurred in many countries 
around the world for decades.  While some real estate value 
studies have been undertaken, there have been a limited 
number executed in Canada.   Most studies have their basis in 
subjective analysis, relying on anecdotal evidence and survey 
responses to form a basis for conclusions.  This report considers 
only market based evidence, and applies a widely recognized 
and accepted approach to statistical evaluation of data sets in 
order to evaluate the effect on real estate values. 

SCOPE OF ANALYSIS: Due to the number of existing wind energy projects in the 
Province of Ontario, it was necessary to select a study area 
wherein:

 there have been a sufficient volume of sales of properties 
that have taken place in close proximity to a wind farm 
following its completion; 
 there have been a sufficient volume of sales of similar 
properties in the same general area but not in proximity to a 
wind farm (beyond the viewshed); and 
 there is sufficient access to registry office sales records, 
and local area real estate board listing information. 
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STUDY AREA SELECTION: The Chatham-Kent Region of Ontario was selected as a suitable 
study area as it met the primary selection criteria listed above, 
and a sufficient volume of property sale transactions for which 
MLS® and registry office details were available. 

IMPACTS CONSIDERED: Data was analyzed to determine the effect on real estate values 
as a result of proximity to wind turbines and, more specifically, 
on properties within the viewshed and those not within the 
viewshed of wind turbines.  Some concerns expressed by those 
near proposed or existing wind farms include: 

 aesthetics; 
 shadow flicker; and 
 sound, audible and low frequency. 

None of the above influences on price were measured 
independently.    If there is an effect on real estate values from 
any or all of these influences, it will be measurable from market 
data.    Recommendations for future studies are presented within 
the body of the report. 

DATE OF INSPECTIONS: The study area was visited on several occasions between May
18, 2009 and June 31, 2009 in order to view all properties within 
the viewshed as well as the control group of properties.  This is 
known as a “ground-truthing” exercise. 

EFFECTIVE TIME FRAME:  Primary research material was obtained during the month of May 
2009, while additional data was obtained during the month of 
June 2009. 
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STUDY METHODOLOGY: A Multiple Regression Analysis (MRA) statistical technique 
formed the basis for evaluating market data for this study.  The 
MRA procedure is the most definitive tool to segregate data in a 
numerical format for further analysis and interpretation.  Within 
the MRA framework data was divided into those characteristics 
that best explain the variance in selling prices of comparable real 
estate. The focus of this study is the measurement of the effect 
on real estate values due to the presence of wind farms; 
therefore, the data was further assigned a viewshed and a 
control group value. 

MRA is used to determine the causal effect between variables by 
assigning a coefficient to each variable and determining its 
standard error as a function of sample size relative to population 
size. The “T score” is defined as the relationship between the 
coefficient of every variable and its respective standard error. 

Data sampling did not return as large a volume of sale data as 
expected.   Accordingly, other evaluation techniques were 
employed to aid in the evaluation of the data through improved 
matching of datasets.   Within the report, Optimal and 
Coarsened Exact Matching (CEM) techniques were relied upon 
as additional data matching tools to further enhance the ability to 
analyze data by obtaining more closely matched pairs of data 
from the original dataset.

The study was not limited to MRA itself, nor was it limited to data 
filtering systems; rather, the study also explored the raw data 
that formed 14 pairs of identical property sales that were sold 
within and beyond the viewshed of a wind turbine.   This is the 
more traditional approach to evaluating effects on real estate, 
and it was considered useful to compare merits of various 
options of data analysis available. 
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STUDY CONCLUSIONS No statistical inference to demonstrate that wind farms 
negatively affect rural residential market values in Chatham-Kent 
was apparent in this analysis.  Furthermore, this study did not 
find any consistent evidence from the analyzed data that such a 
negative correlation exists in the Municipality of Chatham-Kent.  
During the course of gathering data, there were no unusual 
quantities of rural residential properties listed for sale in the 
study area.  Four unrelated data processes were used in 
studying the property sales information for Chatham-Kent.  The 
only consistency was that each evaluation methodology found 
that it was highly unlikely that any type of a causal relationship 
exists between wind farms and the market values of rural 
residential real estate. 
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BACKGROUND AND STUDY PURPOSE

Wind farm developers have out of necessity been required to address some concerns from 
local property owners adjacent and nearby to proposed development locations that their real 
estate values could decline due to the presence of a wind farm within their viewshed.   
Some segments of the population feel that wind turbines can intrude on viewsheds. 
Opposition has, in some cases been based on a belief that real estate values will diminish.    
While it is understandable that some property owners do not like change in their 
communities that they deem to be undesirable, it becomes difficult for wind farm developers 
to address objectors in a subjective manner.

In North America, some studies have attempted to evaluate the relationship between 
residential real estate values and proximity to a wind turbine. While some of these studies 
have found a negative effect on nearby real estate value that has been attributed to the 
proximity of a wind farm, others have not found such a correlation.

This study has focused entirely on tangible market-based data obtained through recognized 
means such as MLS®.  In addition, some research has been conducted into similar studies 
in other jurisdictions.  Although exhaustive research was not conducted, studies conducted 
in the U.S.A., Australia, England and one in Ontario were reviewed.   Some of these were 
based on anecdotal evidence and some on the basis of survey responses.  To the best of 
our knowledge, no reports have been produced within Canada presenting a comprehensive 
analysis of market data, such as that presented herein. 
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CLIENT AND FUNCTION

This report has been prepared for the Canadian Wind Energy Association (CanWEA) to 
assess the effect of wind turbines on the market value of local residential real estate in the 
Municipality of Chatham-Kent, Ontario. 

PROPERTY RIGHTS ANALYSED

The ownership rights of those properties analysed in this report are those of the “Fee
Simple Interest”, subject to the four powers of government: taxation, expropriation, police 
power and escheat.  A “Fee Simple Interest” may be defined as “the ownership of real 
property rights unencumbered by any other interest.”1

DATE OF INSPECTION

Properties adjacent and near to various existing wind energy developments were identified, 
researched and inspected by the authors during the months of May and June 2009.  The 
initial site inspection was conducted on May 18, 2009. 

EFFECTIVE DATE OF REPORT

July 1, 2009 has been selected as the effective date of this report as it encompassed the 
time frame of inspections and data research. 

DEFINITION OF MARKET VALUE

“Market Value” is defined2 as: 

The most probable price which a property should bring in a competitive and open 
market as of the specified date under all conditions requisite to a fair sale, the 
buyer and seller each acting prudently and knowledgeably, and assuming that the 
price is not affected by undue stimulus. 

                                               
1 The Appraisal of Real Estate, (Canada Edition, 1992), 12 
2 Canadian Uniform Standards of Professional Appraisal Conduct 04/15/2008
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Implicit in this definition are the consummation of a sale as of the specified date and the 
passing of title from seller to buyer under conditions whereby:

1) buyer and seller are typically motivated; 

2) both parties are well informed or well advised, and acting in what they consider their best 
interests;

3) a reasonable time is allowed for exposure in the open market 

4) payment is made in terms of cash in Canadian Dollars or in terms of financial 
arrangements comparable thereto; and 

5) the price represents the normal consideration for the property sold unaffected by special 
or creative financing or sales concessions granted by anyone associated with the sale. 

The foregoing definition of Market Value assumes a competitive scenario with more than 
one potential buyer, and a seller who is willing to sell in accordance with the Highest and 
Best Use of the property.  This inherently assumes that the seller no longer needs or wants 
the property and wishes to convert the asset to cash. 

The intent of this study is to evaluate the effect of wind farms on the market value of nearby 
residential properties.

EXPOSURE TIME:

With respect to Item 3 above in the Market Value definition, exposure time is the estimated 
length of time the property interest being appraised would have been offered in the market 
prior to its hypothetical sale at the estimated market value on the effective date of the 
appraisal.  Reasonable exposure encompasses not only adequate, sufficient and 
reasonable time, but also adequate, sufficient and reasonable effort.  In addition to price, 
exposure time is also a function of use and type of real estate. 

As this study does not estimate market value of a specific property, consideration of the 
exposure time as a specific undertaking is unnecessary.   The relationship of exposure time 
to selling price was considered in general terms relative to the impact of nearby wind farms. 
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Some studies attempting to reflect or measure a loss in market value due to the proximity to 
a wind farm have suggested that the influence has resulted in increased marketing times.  
In order to address this possibility, a review of MLS® listings in the area was undertaken to 
ascertain if the exposure to a view or proximity to a wind turbine contributed to the length of 
time a property was listed on the market before a sale was recorded.    While many 
properties were listed on a 90 day listing basis, some listings sold within that time frame, 
and some expired unsold.  Some were relisted for sale and others not, while others were 
relisted at reduced prices, and still others not.  There are a number of variables that can 
influence the length of time that a property is listed for sale, including: 

 asking price was too high; 

 condition of the property less than desirable; 

 poor curb appeal; 

 location relative to employment; 

 undesirable neighbouring properties; 

 regional economic conditions/unemployment levels; 

 time of year; 

 volume of competing listings; and 

 inadequate marketing/agency representation. 

These are the primary reasons, within which there are subcategories of more specific issues 
that may explain the length of time a property is listed for sale.     A study incorporating a 
detailed analysis of these factors and isolating any specific influence of proximity to a wind 
turbine is beyond the scope of this report.   Further, a greater volume of sales data would be 
required over an extended period of time.  Reliance on anecdotal opinions as a basis for a 
credible indication of value influence or loss is not evidentiary, nor is it reproducible. 

Even though the review of the evidence conducted for this study did not disclose any 
probative evidence to suggest that proximity to a wind turbine had an influence on the 
length of listing time, this issue would require a more comprehensive (and independent) 
study to reach a firm conclusion. 
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DEFINITIONS

In this report certain words and terms have been used that require defining for those 
readers unfamiliar with this type of report.  As considered by the authors, these are as 
follows:

Algorithm: A step by step method of solving a problem using numbers in 
computations.

Avg: This is the short form for Average being the number of 
observations divided by their total. 

Bins: Bins are used in statistical graphing or displaying of items of a 
similar value or characteristic.

CEM: Coarsened Exact Matching is the name of another matching 
data program used in the study. 

Coefficient: The coefficient is the returned number allocated to a specific 
property variable from using regression analysis. 

Control Group:     That group of properties not affected by the alleged impacts of a 
wind turbine. 

Histogram: A bar chart that represents a frequency distribution of data.

Log: The log is the power that a base number is raised to.

Mean(s):     A mean, or arithmetic mean, is the total of a list of numbers 
divided by the number.   It is an average.   It reflects a central 
tendency.

MW: Short form of “megawatt”, which equals 1,000 kilowatts or 
1,000,000 watts. 

Optimal: This is the name of a matching data program used in the study.

Rated Capacity: Manufacturer specified maximum power output of a wind turbine.  
Typical large wind turbines have rated capacities of 1.5 
megawatts or more. 
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Regression: The relationship between the mean value of a random variable 
and the corresponding values of one or more independent 
variables.

Scatterplot: This is a graph that shows any variable on the “X” axis plotted 
against any variables on the “Y” axis. 

Viewshed:     A point within the study area whereby a sale property had a view 
of one or more wind turbines. 

Viz: Short form for visible. 

No Viz: Short form for not being Visible 

Wind Farm:     A project containing more than one wind turbine, each 
electrically connected to each other, for the purpose of selling 
electricity to the electrical grid. 

Wind Turbine:    A structure that uses airfoils (commonly referred to as a blade) 
to extract kinetic energy from the wind, and converts this to 
electrical energy.  Each wind turbine typically contains three 
blades.     In this study area, typical wind turbines have hub 
heights of 80 m, blade lengths of 41m, for a total max height of 
121 meters. 
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CRITICAL AND EXTRAORDINARY ASSUMPTIONS

For every hypothetical condition, an Extraordinary Assumption is required.  According to the 
Canadian Uniform Standards of Professional Appraisal Practice (CUSPAP 04/15/2008), an 
Extraordinary Assumption “refers to a hypothesis – either supposed or unconfirmed – which, 
if not true, could alter the appraiser’s opinions and conclusions.”

In order to achieve this objective, the following specific critical assumptions were made in 
the preparation of this study: 

1. That comparable sale transactions negotiated at or after the issuance of building 
permits for tower and turbine installations would have reflected any and all concerns in 
the purchase price. 

2. That none of the comparable sale transactions relied upon in this report are the 
subject of legal actions resulting from non-disclosure of information regarding the 
towers or turbines by any agents or vendors involved in the property sales. 

3. That any and all adverse effects on market value as perceived by market participants 
would be reflected in the market evidence of nearby real estate transactions.

4. All estimates and projections are based upon circumstances and economic 
conditions prevailing as of the effective date, and that the critical assumptions above 
have been made. 
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SCOPE OF VALUATION AND REPORTING PROCESS:

The findings and conclusions outlined in this study are based on: 

 Identification of wind farms wherein nearby residential property sales have 
taken place; 

 Exterior inspection of properties sold in close proximity to wind farms, and 
those properties outside the viewshed; 

 Research conducted for comparable property sales through MLS® records, 
GeoWarehouse®, MPAC (Municipal Property Assessment Corporation) and the 
records of the Land Registry Office.  Photostatic copies of this data are available in 
the appraiser’s file. 

 Analysis and inspection of comparative data, confirmation of sale details and 
ownership/title transfer; 

 Determination that the Highest and Best Use of target property and 
comparative sales properties are as categorized; 

 A review of published statistical data as relating to economic indicators, and 
where necessary, a discussion in some detail; 

 Research and selection of appropriate study references; 

 Confirmation of data relied upon in the analytical process 



Wind Farm Study – Effect on Real Estate Values 
in the Municipality of Chatham-Kent, Ontario 

JOHN SIMMONS REALTY SERVICES LTD         & CANNING CONSULTANTS INC

18

VALUATION PROBLEM

The purpose of this study is to consider the effect on the market value of residential 
properties due to the presence of a wind farm.  Based on the background research, it is 
evident that some members of the general public hold negative opinions with respect to the 
desirability of wind farms and perceptions of their effect on real estate value.   This report 
considers a variety of perceived influences, and provides an estimate of their effect on local 
real estate values. 

The most frequently identified factors perceived to have an adverse effect on the market 
value of residential real estate are:

 aesthetics; 
 shadow flicker;  
 vibration; and, 
 audible sound (low frequency waves); 

Measuring the extent of these perceptions and how they affect local real estate values 
requires the analysis of a wide range of variables associated with any given property.  

The thesis is that when an identified study property is valued both with and without the 
identified impact, the difference represents the change in market value attributable to that 
impact.  This study considers the impacts identified above on residential properties adjacent 
to an existing wind farm on a collective basis, not individually. 

Real estate types considered in this study are rural residential properties. 

During the course of conducting research and assembling the data for analysis, the 
following was undertaken: 

 review of real estate effect studies  prepared by others in Canada, USA, Great 
Britain, Australia and Europe (see Addendum C); 

 review of fact sheets, guidelines and other relevant publications prepared by the 
Ministry of the Environment, Ontario (See Addendum D); 

 attendance at a public meeting on the proposed regulations to implement the new 
Green Energy and Green Economy Act, 2009; 
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 discussions with a number of property owners in attendance; 

 discussions with real estate developers, real estate brokers and other market 
participants; and 

 discussions with several consultants involved in the development of wind farms. 

During the course of research it was noted that although building permits are issued for 
construction of wind turbines, there could be a time delay of as much as 1 year from when 
the permits are issued to when work begins.  These delays were attributed to a variety of 
reasons such as a shortage of cranes or ground conditions for preparing access routes 
tower sites. 

While some of the nearby residential sale transactions may have been completed at or after 
the issuance of a building permits for the wind turbines, the towers may not have been in 
place or in operation.     In such instances, due to a public information meeting regarding the 
approval process, combined with ongoing news media coverage of the projects, an 
assumption was made that purchasers of a particular property would have made a 
conscious decision as to whether or not the proximity of wind turbines influenced their 
purchase price.  Only one owner, who purchased a vacant lot for a future house, expressed 
disappointment that he had not been aware of the nearby wind farm approval.  He had not 
decided whether to build or not. 
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STUDY AREA SELECTION

Initially a number of areas containing wind farm developments were investigated to locate a 
suitable location for study.  The criteria for selection included: 

 A reasonable number of wind farm developments within a region, each having 
similar economic influences; 
 Availability of MLS® data and registry office records for data confirmation; 
 A base of residential properties that have potential for being influenced by 
exposure to wind farm developments; 
 A sufficient volume of transactions of similar property transactions within that 
region that would provide an adequate base for analysis; and 
 A reasonable travelling distance for conducting research since several 
property and area inspections would be required. 

The Chatham-Kent area was ultimately selected as it met the above criteria.  At present 
there are understood to be 64 operating wind turbines in the area.  Chatham-Kent is 
attempting to position itself as a leader in Ontario’s renewable energy sector.    Wind 
turbines erected in the study area had rated capacities of 1.5 MW, and turbine blade lengths 
of 41m metres.    According to the Chatham-Kent web site, February 2009, the Ontario 
Power Authority recently awarded three additional wind power projects.  These approved 
wind farm development projects are expected result in the addition of a further 165 wind 
turbines for a total of 229 turbines within this region. 
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GENERAL OVERVIEW OF THE STUDY AREA

The study area in which the sale properties were located is known as the Municipality of 
Chatham-Kent.  This Municipality is composed of 9 major communities and the surrounding 
rural areas that were amalgamated on January 1, 1998.  The location of Chatham-Kent 
relative to major cities is shown below. 

The population of Chatham-Kent as of 2006 was 108,177 compared to a population of 
107,341 as of 2001(last census).  . 

N
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The total workforce within Chatham-Kent is 58,860 persons.  The occupation by industry 
that has the highest number of workers is Manufacturing and Construction, followed by 
Wholesale and Retail Trade, Business and Other Services.  Agriculture and Other Resource 
based industries employ 10% of the labour force.  If the work force was divided by 
Occupations, the highest percentage would go to Sales and Service Occupations followed 
by Trades, Transport and Equipment Operator and related Occupations.  A strong tertiary 
occupation would be unique to processing, manufacturing and utilities. 

International Truck and Engine Corp is the largest manufacturer in Chatham-Kent with 
1,150 employees as of 2004.  They are now down to 200 and there is a potential total plant 
layoff as of June 30th of this year.  Union Gas Limited has 679 employees as of 2004 and 
this has not changed.  Autolive Canada with 600 employees as of 2004 are now reduced to 
50 employees, while YA Canada Fas Track Mail Processing Facility has 500 employees as 
of 2003 and are now reduced to 450 employees.  Many of the smaller industries have 
between 200 to 300 employees.  The following is a graph of the dollar value of building 
permits issued between 2000 and 2008 for the Chatham-Kent expressed in millions of 
dollars.

CHATHAM - KENT 
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A surge in overall construction activity was seen at the turn of the millennium following the 
severe recessionary period during the early 1990’s.   Construction activity then slowed 
during a period of absorption followed by improvement during 2003.   Since that time 
construction activity has been largely stable. 

The impetus of growth in new residential construction resulted from low interest rates and 
the pent up demand for new housing following the recession in the early 1990’s.  The major 
focus of new residential construction has been within the urban areas of the City of 
Chatham.

A review of Multiple Listing Service (MLS®) statistics for Chatham-Kent show the average 
selling house prices for a given year.  The following graph plots these average house prices 
between 1998 and 2008. 

CHATHAM-KENT
DOLLAR VALUE OF BUILDING PERMITS

INDUSTRIAL, COMMERCIAL & RESIDENTIAL

Chatham-Kent 
Average House Prices 

Source: MLS Statistics of Chatham Kent Real Estate Board 
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The previous chart of average house prices indicates a general increasing trend in average 
property sale price within Chatham-Kent. This graph shows prices that include a large 
volume of house prices from the urban area in the City of Chatham which are believed to 
have an impact on the overall annual average price.   The MRA used in this study 
demonstrates that within the data set analysed, general price levels in the rural areas were 
not a significant factor in explaining the variances of sale prices. 

STUDY AREA

The study area has a rural character, implying that the primary economic driver is 
agriculture or agriculture-related.  In 2008, Chatham-Kent was the third highest producer in 
the entire Southwestern Ontario region for Winter Wheat, Grain Corn and Soybeans.  In 
2007(most recent) Chatham-Kent was the highest producer of tomatoes in Southwestern 
Ontario.

Transportation through Chatham-Kent is via Highway 401 which bisects Chatham-Kent 
traverses the full width of the municipality.  Highway 401 extends from Windsor/Detroit to 
the easterly boundary of Ontario.  Chatham-Kent is bounded to the south by Lake Erie.  The 
study area is located between Lake Erie and Highway 401. 

The rural housing type throughout Chatham-Kent is diverse and ranges from turn of the 
century homes (built between 1850 and 1900) to modern homes less than a year old.  
Typical structures include wood frame construction with brick veneer or wood siding, and 1 
to 2 storey, including a single or double garage and an outbuilding that could serve as a 
workshop or as exterior storage.  There are no single rural areas of Chatham-Kent that 
contain a higher concentration of rural properties.  These property types are homogeneous 
throughout the Municipality of Chatham-Kent, and are commonly found throughout 
Southwestern Ontario.  A general map of Chatham-Kent is provided below. 
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SUMMARY

Municipality of Chatham Kent

The Municipality of Chatham-Kent is dependant to a significant degree upon agriculture, 
manufacturing, and vehicle related industries.  The City of Chatham has recently 
experienced an economic downturn of the auto and truck manufacturing sector due to its 
proximity to Windsor and Detroit, while the agricultural sector has been largely unaffected. 

The Municipality comprises of the former City of Chatham with a population of 
approximately 44,000 people, with another eight communities within its borders with a total 
population between 1,000 and 12,000 people.  Chatham-Kent has not grown substantially 
over the last five to ten years.  It has remained fairly stable.  Very little growth is expected 
within this region of South Western Ontario over the next decade.  This is typical of other 
regions.

Study Area

The study area has been dominated by the agricultural industry for well over 100 years.  Its 
success is due to fertile soils and fairly high heat units.  Heat units in the Chatham-Kent 
region range from 3,340 and 3,560, in contrast to just north east in the London to Guelph 
area where the heat units range between 2,680 and 2,890.  In other respects, the Chatham-
Kent region is fairly typical to rural areas throughout other parts of South Western Ontario.  
Land uses within the study area are heavily dependent on cash crop farming.  There is also 
a good mixture of rural housing that offers a wide range of amenities and locations. 

Lake Erie N
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ANALYSIS METHODOLOGY
The market for rural residential real estate consists of those individuals or families typically 
seeking property that provide a location, utility and area features consistent with their 
individual needs, and accordingly, are willing and prepared to pay a competitive price.  In a 
competitive market, an informed purchaser will pay no more for a particular property than 
the cost of acquiring a satisfactory substitute that provides equal expected accommodations 
without undue delay.    Those properties having undesirable features, either within the 
property itself, or nearby, often require a longer market exposure or tend to sell at lower 
prices.    Wind farms are perceived by some to be such a nearby adverse external 
influence.   Market value is typically estimated through the analysis of similar properties that 
have sold proximate to the date of valuation.   If the market demonstrates that wind farms 
are indeed a negative influence, then an observable trend in lower selling prices should be 
apparent.   The primary focus of this analysis is to assess the presence (or lack of) trend, 
and to quantify the extent of the price differential. 

The identification and measurement process firstly requires the careful selection of 
properties that have sold proximate to a wind farm development.   The properties must have 
been sold on the open market, with the vendor and purchaser being at arms length, both 
parties being fully aware of the neighbouring land uses, and neither being unduly motivated 
to complete the transaction.     The selling prices of those properties are then compared to 
sales at or about the same time period that are distant from the wind farm project, yet are 
similar in nature and utility to the study properties. 

There are basically two techniques for measuring the effect of a feature on the value of real 
estate, namely a “Paired Sales” analysis and by MRA.

A “Paired Sales” analysis has been used over the last few decades as the “default” solution 
for extracting variables that influence price.  A “Paired Sale” would be a sale of a property 
that is identical to some other property under study with the exception that it is not subject to 
a specific variable (whatever that might be).  In studying the two different index groups, the 
real estate analyst would extract a difference in price levels.  The conclusion that would be 
reached is that the differences in the price levels of the comparable sales would be due to 
the influence of the variable in question. 
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Unfortunately, this “Paired Sales” methodology contains inherent limitations and is often 
considered to be flawed.  Many academics and real estate practitioners have therefore 
stopped using this approach to evaluating effects from externalities on local real estate 
values.  The difficulties and flaws with this procedure include: 

(1)  Insufficient quantities of “Paired Sales”.  Ideal paired sales rarely, if ever, exist in the 
market place. 

(2)  Variations between the “Paired Sales” and the influencing factor under review require a 
substantial volume of “Paired Sales” to hold constant the other property differences or 
variables within the group. 

The analysis is often undertaken by an application of a Direct Comparison Approach 
through a process of adjustment.  The comparable sale properties, when adjusted for 
differences in the site size, building features, zoning, municipal services, financing etc, are 
thought to provide a basis or benchmark for indicating the market value of a study property 
absent the perceived influencing factor.  A weakness in its application is that the 
adjustments are mostly unsupported and contain unconscious bias that can invalidate the 
results.

In this study a “Paired Sales” was prepared by using analytical tools such as CEM and 
Optimal which selects “Paired Sales” through a process of utility scores and bins.  Since the 
selection process is not the sale price, these “Paired Sales” are drawn without bias. 

The application of “Paired Sales” was enhanced by applying re-sales of properties within the 
main data set since a re-sale is closer in identity to what a “Paired Sale” should be. 

Although considered in this study, it is recognised that it is an imperfect methodology 
applied to measure influences in an already imperfect market place. 
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MULTIPLE REGRESSION ANALYSIS (MRA)

The MRA technique has the ability to study large quantities of transacted sales data that are 
influenced by numerous variables over a specific time period.    It is also known as a 
Multivariate Linear Regression Analysis. 

Single Linear Regression analysis is a means for building models that describe how 
variation in one set of measurements affects variation in another set.  The analyst forms a 
hypothesis that one variable is dependent on or responds to another variable (independent 
or predictor variable).  In real estate value analysis, the dependent variable is often the sale 
price of a property in total or on a price per unit basis.  The independent or predictor 
variable can be a characteristic of the property that is believed to have an influence on the 
dependent variable-sale price in this example.  Aided by a computer with the ability to 
perform many calculations quickly, regression analysis provides a systematic method for 
building an equation that summarizes the relationship between the two variables.  The 
resultant equation can then be used for the prediction of value. 

Multiple Regression Analysis (MRA) extends the idea of a two variable linear regression 
model by allowing an analyst to include many explanatory factors to the regression 
equation.  As in simple linear regression, a regression coefficient measures the impact of 
changes in each explanatory variable on the response variable.  In MRA, the coefficient for 
each variable represents the effect of that variable on the dependent variable while holding 
the affect of all the other variables constant.  In addition to its usefulness in prediction, this 
allows the use of MRA as an exploratory tool where the coefficients can be interpreted as a 
level of contribution of the predictor variable. 

For this particular study, an MRA model can be specified that reduces the many 
characteristics of index properties into values for different variables.  A regression run on a 
complete data base can then generate coefficients for the variables.  The analyst’s 
expertise in deciphering or interpreting these coefficients will lead to many conclusions of 
the market place. 

Regression analysis is based on a number of assumptions as to the nature of the underlying 
data.  The use of mathematical statistics allows the analyst to perform many diagnostic tests 
on the specified model to assess the level to which the assumptions are met.  This allows 
the analyst to explicitly state the level of confidence that can be given to the results of 
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regression modeling.  The recipients of the findings of such analysis can then make better 
informed decisions.

IMPLEMENTATION OF MRA

By using MRA, a “Model” of behaviour is developed that explains the variation in the prices 
of the comparables found in the market place.  The comparables are sampled from a total 
potential number of sales within the array.  The comparative data gathering process has the 
potential to gather a very high percentage of all possible sales.  When using MRA, more 
sales data are better. 

Once the data is placed into the MRA model, a “regression” run plots the results.  MRA 
models are “smoothed” out to improve accuracy and functionality when deciphering the 
large quantities of data.  Statistic tests are performed that assess the overall reliability of the 
model.

Once efficiency is established, the MRA produces a number of statistical reports.  The ones 
of interest to this study are the coefficients.  Graphics within the report demonstrate the 
possible relationships between variables. 

The MRA indicates how much or how little wind farms have on real property, positive or 
negative.   The MRA also provides a confidence interval.  Statistically, the accepted 
confidence interval is established at the 95% to the 99% level.  (The goal is to determine 
how statistically confident we are of the results and to demonstrate what the results mean.) 

Like most types of analysis, MRA requires large quantities of data that particularly 
demonstrate the differences between properties.  We are hopeful that there is a sufficient 
quantity of data that can be gathered for this type of study.  MRA is the only known process 
that can effectively absorb and examine numerous interactive factors that influence real 
estate prices, all at the same time.  It accomplishes this task by building all the factors of 
influence into the regression equation.  As the model studies the influence of say, distance, 
it holds all the other factors (age, site size, building size, etc) constant.  It continually repeats 
this individual process.  That is why MRA is ideal for isolating the coefficients (expressed in 
dollars) to a given variable.  Interpretation of the results is a key.  It is not prudent to simply 
accept the results of the MRA blindly.   The analyst must “step back” from the MRA 
outcomes to see if the results coincide with our appraisal knowledge of the problem at hand. 
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VALIDATION OF THE USE OF REGRESSION ANALYSIS

Regression analysis is a statistical modelling tool that has been employed very successfully 
in “Data Mining” and is used frequently at the corporate and government levels. 

The Province of Ontario has adopted MRA in the assessment of residential properties for 
their new base of 1996.  They also have test projects underway to extend MRA to other 
property sectors (vacant commercial land, industrial buildings, bank buildings and 
commercial plazas). 

The Province of British Columbia has been using MRA in assessment for many years and 
has been a major consultant to the Province of Ontario on the implementation of their 
system.

Regression analysis is used by Statistics Canada in determining the Gross National Product 
for Canada and for the analysis of national data. 

Regression Analysis was used in the USA by a large accounting firm to justify to the IRS the 
existence of “economic obsolescence” in large industrial buildings.

In this report a Regression Analysis was adopted as the preferred technique, however, due 
to the availability of several paired sales, these were analysis as a method of confirmation. 
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APPLICATION OF MULTIPLE REGRESSION ANALYSIS (MRA)

A total of 83 house sales within parts of Chatham-Kent that occurred over the last two years 

were analysed, proximate to wind farms, with the most recent sale in May 2009. This is a 

small sample relative to the size of data sets usually used in observational studies of this 

type.   While a larger volume of sale would be preferred, this was a constraint attributable to 

the rural nature of the area where wind farms are placed.   They are generally not 

developed in densely populated areas. 

A ground qualitative view assessment technique was used to assign a sale property to 

either the viewshed group or the control group.    For the purpose of this study, the 

viewshed is “a point within the study area whereby a sale property had a view of one or 

more wind turbines”.    Any sale property found that did not have a view of a wind farm was 

deemed to be outside of the viewshed.  Wind farms were not visible to all properties within 

the general area, as the view was sheltered either by bush lots or tree rows. 

A simple difference in the means of sale prices between the viewshed group and the 

control group was employed to estimate the impact of a wind turbine(s). When these 

groups are different in characteristics relevant to the outcome of sale price, as they usually 

are in observational studies, the study is required to adjust for these differences. 

Regression modeling was the primary approach to make these adjustments. This approach 

was first used on the entire data sample and then on reduced data samples after the data 

was preprocessed through matching methods. These matching methods (Optimal and 

CEM) make the viewshed and control groups more comparable by pruning the least 

comparable sales from the full data set. Adjustments are then made on remaining 

differences in the reduced data sets by regression. 
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IDENTIFICATION OF COMPARABLE SALES

In assembling the comparative sales data, research was conducted with local Real Estate 
Board MLS® records, GeoWarehouse®, MPAC (Municipal Property Assessment 
Corporation) and at the Land Registry Office, with a view to finding properties within the 
viewshed and outside of the view shed. 

The assembly of data did not focus on specific target residential property types, only 
residences on small acreages or lots that were within the viewshed or not in the viewshed.    
Sales of residences within small hamlets or communities were omitted from the data set 
since the selling prices of these properties were influenced by the convenience municipal 
services and amenities.    Furthermore, wind farms are not typically situated in proximity to 
these locales.  Sales of farm acreages with buildings were not included in this analysis as 
there was an insufficient volume of transactions for an effective analysis. 

All of the comparable sales were inspected from the roadway.  The sales were then cross 
referenced chronologically to identify any type of a buying pattern related to the sale dates 
of the transactions used in the study.  The property variables or characteristics that were 
identified as having a potential influence on the study results are as follows. 

Address:   The address of the sale property. 

Age of the House:   The chronological age of the house at the time of the sale. 

Basement:   The sales were identified as either having a full basement or not 
at the time of the sale. 

Basement Finishing:   The sales were identified as either having some basement 
finishing or not at the time of the sale. 

Condition of the House: Each house is classified as being in Fair, Good or Very Good 
condition.
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Date of Sale:   The date at which the sale property was determined to be the 
data whereby all conditions of the sale were met. 

Elapsed Months:   The difference in time between the oldest dated sale and the 
next occurring sale in months. 

Garage:   The sales were identified as having a garage or not. 

House Size:   The exterior square footage of the house above grade. 

Lake Front:   Signalling the difference between properties that were located on 
a river or lake front as opposed to not. 

Location:     Considers the possible difference of the sale property (within and 
beyond the viewshed) relative to important amenities such as 
major highways and goods and services. 

Lot Size:   The size of the lot of the sales expressed in square feet. 

Number of Storeys:  The number of storeys of the house on a given sale property. 

Outbuildings:   The sales were identified as having some type of a outbuildings 
such as a shed or barn. 

Selling Price:   The price which was agreed upon by the buyer and the seller. 

Viewshed:   Any sale that was located within a view of a wind turbine. 

Viewshed Within:   Any sale that was located in a viewshed was differentiated by a 
score that would separate the proximity of the wind farm to any 
sale within the view shed. 

 The specific Viewshed Within variable ultimately eliminated and 
said either the property had an average view or a no view. This 
is identified by Viewshed3.   The number 3 does not have any 
reference other that this is the third name in the selection 
process of variables that tried to consider distance.
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OVERVIEW OF THE PROBLEM AND THE TECHNICAL REPORTING ASPECTS OF THE 

STUDY

Introduction 

Wind farms can be perceived by some nearby residential homeowners to be a source of 

nuisance, as a result of audible sound and aesthetics (visual appearance). Some claims 

have been made that suggest the presence of a wind turbine or wind farm could result in 

diminished real estate values for properties within the viewshed.   Rural residential real 

estate is the principal target of this perceived association. 

An analysis of sales of single family houses in south Chatham-Kent’s rural area was 

undertaken to test this hypothesis.    This study attempts to determine if residential 

properties located within a wind turbine’s viewshed were or were not negatively influenced 

by reflecting lower sale prices in a statistically significant manner.   By comparing properties 

that sold during the last several years, with a wind turbine(s) clearly visible and those 

farther way and outside the viewshed, but which are of similar age, lot size, and with similar 

amenities and economic influences, the differences in the selling prices of properties within 

the turbine’s viewshed, on average, should be noticeably lower than the selling prices 

similar of similar properties outside a wind turbine’s viewshed.   The following is a map of 

the approximate area of the overall view shed.  The red arc signifies the approximate 

location of the view shed.    It should also be noted that some properties within this red arc 

were classified as being outside of the viewshed as the wind turbines were not visible due 

to tree lines or bush lots. 
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Study Design 

This study focused on the inferred effects of Chatham Kent wind turbines on property 
prices. Specifically, it examined how the local market prices residential properties located 
within the viewshed of wind turbines compared to a control group of property sales outside 
the viewshed.  As the wind turbines of this study are in a rural area of the County, obtaining 
a sample of sufficient size required the collection of house sales over a period of 2 years. 

Chatham

Wheatley

Merlin 

Blenheim

Ridgetown

Lake Erie 

NArea of Wind Farm Developments

Approximate Viewshed Limit 
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As part of this study’s design, an examination of other previously executed studies, 
undertaken to measure the effect of wind turbine views on property pricing was completed. 
Although there is substantial literature on measuring effects of undesirable land uses on 
residential properties, research on the actual market effects of wind farms is lacking.  Wind 
farms as a large scale energy source are relatively new to Ontario, which may explain the 
thin inventory of available studies.  Schedule “A” outlines the research literature referenced 
at the outset of this study. 

In this study, the loss measured is the realized capitalized loss that occurs when a property 
is sold. This study does not look at the losses associated with a delayed sale or other 
issues that may affect the bundle of property rights infringed by the proximity of a wind 
turbine.  It was noted that it was nearly impossible to determine the exact time when the 
wind farms were constructed.  A considerable time lag was noted between the issuance 
date of the building permit to when the wind farm was actually physically constructed.  The 
time lag was alleged to be due to weather, the availability of cranes to erect wind turbines, 
and road construction.  However, it is known that considerable public awareness of the 
construction of wind farms was imminent since public meetings occurred and wind farm 
developers held barbeques and information meetings regarding the construction of wind 
farms in areas of Chatham-Kent. 

This study presupposes the existence of two causal states, which are based on visual 
perception of a nearby wind turbine from a property or absence of such. For our purposes, 
they are labeled avg viz and no viz.  They are not, however, well-defined states because of 
their qualitative nature and the observation made from one point on the ground. Although a 
wind turbine may be visible to an observer from an upper floor window of a house, it may 
not be visible to an observer on the ground.  Any individual sale property in our data was 
assigned to one of two possible causal states and associated potential outcomes based on 
a view of a wind turbine(s) or not. 

In this study, the effect of a wind turbine as the difference in the sample average of the 
observed sale price between the avg viz group and the no viz control group was estimated. 

Excluding ID variables, these data were measured on 14 physical and location variables. Of 
these 14 predictor variables, only 8 variables were discovered to be important predictors of 
sale price based on initial regressions. These predictors and the binary variable viewshed3, 
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which is instrumental to measuring wind turbine visibility effect on price, were regressed on 
sale price in the final regression model on the full data sample. A random sample of 6 sales 
from the data set measured on these variables is in Table 1. Variable definitions are given 
in Table 2. 

Figure 1 shows graphically the distribution of values for the variables in the data set 

employed for the final model of the regression analysis. As indicated by the plot for the 

binary viewshed3 variable of primary interest in this study, the control category has about 3 

times the number of sales in the avg viz category. The distributions of sale price, house 

size and lot size are skewed to the higher values. 

Table 1 
id     sp bsmntfin    gar loc cond watinf age lotac hsesf.00s  viewshed3 

1   96000     none garage   3    3      1  30 0.373     17.85   avg viz 

3  124000     none garage   1    3      1  49 0.744     10.73   avg viz 

4   79000     none garage   1    3      1  44 0.625      7.92    no viz 

5  174000     none garage   1    5      1  97 0.920     23.26    no viz 

6   99500     none garage   1    3      1  98 0.497     12.70    no viz 

7  120000     none   none   1    3      1  82 1.311     15.14    no viz 

Table 2: Variable Definitions 

Id: property sale identification 
cond: qualitative assessment of house condition - 
1=fair, 3=average, 5=good 

sp: continuous variable - sale price 
gar: binary variable indicating if 
a property has a garage or otherwise 

lotac: continuous variable  - 
site area in acres. 

waterinf: qualitative assessment of 
linkage to a body of water  - 
1=none, 3=water view, 5=water front 

loc: qualitative assessment of location
variable – 
1=remote, 3=typical, 5=near town 

hsesf.00s: continuous variable  - 
size of living area excluding basement in hundreds
of square feet 

bsmntfin: binary variable designating if 
a house has basement finish or otherwise 

age: continuous variable – 
age of the house in years 

viewshed3:  binary variable designating if 
one or more wind turbines are visible from a
property
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Methodology

The primary objective of this study is to compare the house sales identified as located 
within the viewshed of one or more wind turbines with the sales of houses without this 
influence as a comparison (control) group. As this is an observational study, property sales 
self-assign to either the viewshed group or the control group based on the observations 
taken from site visits. Randomized assignment to either group, the gold standard of a 
causal inference study design, is clearly not possible with property sales data. Without 
random assignment, it could well be the case that these two groups, viewshed and control, 
are different from the onset. Those differences, not the impact of a visible wind turbine, may 
cause the measured difference in sale price between the groups, if any. 

Several approaches were employed in this study to control for these differences. As a basic 
strategy, regression analysis was employed as an adjustment technique.  Sale price was 
transformed to its natural log for the regressions as this allowed the interpretation of the 
estimates as a percentage.  A second approach was to obtain smaller but more 
comparable samples by first preprocessing the data through matching of sales in the 
viewshed group with sales in the control group on their attributes.  Two matching algorithms 
were employed for the matching exercise. 

Exploratory Analysis 

Figure 2 below is a graphic comparison of the distribution of sale prices before any 
adjustment by regression for differences between the viewshed group and control group. A 
comparison of the histograms of the two groups indicates the mean sale price of the 
viewshed group sale price distribution is less than that of the control group. The mean value 
of the viewshed group is approximately 7% lower than the mean value. Their distributions 
are similarly skewed to the right. 

As indicated by the scatterplot (Figure 3) of sale price on the number of months that have 
elapsed (emths) for each sale between the date of sale and the date of the oldest sale, 
changes in market conditions is not an important price influencing variable for this data. As 
the smoother line on the plot clearly shows, there is no clear sale price trend. 
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Figure 2 
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Figure 3 
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The exploratory analysis revealed that sale properties in the control group differ from the 
viewshed group on some characteristics; in other words they are not closely comparable. 
This imbalance must be addressed before a comparison of mean prices between the two 
groups of properties can be inferred to measure the effect of a wind turbine on the values of 
nearby properties from which a wind turbine or turbines are visible. Two strategies were 
used in this study to balance the comparability between the two groups of properties. They 
are regression modeling and pre analysis matching. 

Altogether, three approaches to estimate wind turbine effect were conducted in this study. 
Matching was combined with regression in two of these analyses. 

Regression Analysis 
The use of regression analysis to adjust the sale prices of individual properties in the 
sample for differences between them is common to studies of the type conducted here. 
After controlling for the differences in the measured characteristics of the sale properties, 
the difference in the sample means between the viewshed and Control groups is inferred to 
be the causal effect of wind turbines that are visible to the nearby properties. 

As regression analysis is a statistical technique, it offers a measure of sampling error.    It 
provides a measure of the confidence that can be placed in the estimate of turbine effect on 
price.

This study considered a sequence of regressions to arrive at the final model specification 
described here. All regression modeling was done with the log of sale price as the outcome 
variable, using various sets of predictor variables. The choice of variables selected for the 
final regression model depended on their predictive power for sale price. 

The regression model results for the initial approach on the full data, presented in Table 
a.1, shows the adjustment variables are associated with sale price in an expected manner 
and with the correct signs. As none of these non-viewshed effect relationships is surprising, 
they are not discussed further in this report. 
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Table A.1: Summary of Final Regression Model 

lm(formula = log(sp) ~ log(age) + bsmntfin + cond + gar + 
log(hsesf.00s) + 
lotac + watinf + viewshed3, data = wind.cln) 

Residuals:
Min        1Q    Median        3Q       Max 
-0.467791 -0.093272  0.002240  0.132561  0.405398 

Coefficients:
Estimate Std. Error t value Pr(>|t|) 
(Intercept)           9.92138    0.25967  38.208  < 2e-16 *** 

log(age)             -0.12236    0.03080  -3.973 0.000163 *** 

bsmntfin[T.finish]    0.12295    0.05537   2.220 0.029454 * 

cond                  0.14775    0.02467   5.989 7.04e-08 *** 

gar[T.garage]         0.18784    0.06200   3.030 0.003369 ** 

log(hsesf.00s)        0.55485    0.08158   6.801 2.30e-09 *** 

lotac                 0.07977    0.01542   5.173 1.90e-06 *** 

watinf                0.08210    0.01592   5.159 2.01e-06 *** 

viewshed3[T.avg viz] -0.12879    0.05984  -2.152 0.034627 * 
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Residual standard error: 0.2054 on 74 degrees of freedom 

Multiple R-squared: 0.8476, Adjusted R-squared: 0.8312 

F-statistic: 51.46 on 8 and 74 DF,  p-value: < 2.2e-16 
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The regression summarized in Table A.1 has an adjusted R-squared measure of 83%, 

which indicates a considerable proportion of the variation of the log of sale price is 

explained by the eight predictors included in the final model. Viewshed3 is the variable of 

interest for this study, and it is presented within the Table in bold type. Because the 

untransformed predictors are regressed on sale price expressed on the logarithmic scale, 

their coefficients can be interpreted as proportional differences. Thus, with all else held 

constant, houses with basement finish (bsmntfin) have sale prices, on average, 

approximately 12% greater than houses without basement finish, houses on a water body 

like a lake or river have, on average, sale prices about 8% higher than others, and so forth. 

These patterns, however, are not comparable in the strength of their signal. The plot below 

relates the estimates and their associated level of certainty. 
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Figure A.1: Plot of Regression Estimates and Confidence Intervals - Final Model 
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The plot above outlines the coefficients presented in Table A.1 and ±1 standard error (thick 
line) and ±2 standard error (thin line) intervals estimated from the final regression. Strongest 
patterns are associated with the shortest lines relative to the size of coefficient; thus we 
have the greatest certainty with effect on sale price estimates for condition (cond), water 
influence (watinf), and house (log(hsesf.00s)) and lot size (lotac).  Noticeably, the estimate 
for houses with wind turbine visibility (viewshed3) displays a wide confidence interval 
relative to its affect size.   For the -13% impact on sale price from wind turbine visibility 
estimate, this translates to a margin of error between -3% and -23%. 

Matched Samples 

Overview

In observational studies, the use of regression modeling alone presents a risk of estimate 
bias (not human) because of dependency on model specification and the underlying 
assumptions that premise such a model. One approach often used to reduce the potential of 
bias in observational studies is to mimic a randomized experiment through data 
preprocessing by matching the treatment (in the viewshed) and control (out of the view 
shed) groups. By obtaining a sample of control sales that agrees as closely as possible with 
the viewshed group sales on an array of property characteristics that excludes their sale 
price, preprocessing the data by matching reduces dependence on the regression model 
and brings us closer to this goal. Matching the estimators for the two groups attempts to 
balance the characteristics between the groups so they are more alike than not, both in their 
distributions and coverage. The basis of this type of analysis is drawn from traditional 
appraisal methodology using “paired sales”. The differences are that specific programs are 
used to match the “Paired Sales” as opposed to human selection.  It eliminates the problem 
of bias either conscious or unconscious and achieves better results. Two matching analyses 
were conducted. 

OPTIMAL

The “MatchIt” package3 of the R statistical software program was used to obtain a sample of 
sales in the Control Group matched to the 20 sales in the viewshed group as closely as 
possible on house characteristics that are independent of the wind turbines, before 
adjusting for remaining differences with regression. This automated matching process is 
summarized in Panel B below. 

                                               
3 Daniel Ho; Kosuke Imai; Gary King; and Elizabeth Stuart (2007), ``Matching as Nonparametric Preprocessing 
for Reducing Model Dependence in Parametric Causal Inference,'' Political Analysis 15(3): 199-236, 
http://gking.harvard.edu/files/abs/matchp-abs.shtml.
Full and optimal matching are implemented via the optmatch package (Hansen, 2004).
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Using the Optimal Matching Sequence 
Panel B: Regression Model on Data Matched by MatchIt Package Using Optimal 
Method
Call:
matchit(formula = viewshed ~ hsesf.00s + cond + loc + lotac + 
age + watinf, data = mwind, method = "optimal") 

Table B1: Summary Of Balance For All Data 
Means Treated Means Control SD Control Mean Diff eQQ Med eQQ Mean eQQ Max 
distance          0.390         0.194      0.169     0.197   0.168    0.193   0.366 
hsesf.00s        16.727        17.352      6.038    -0.625   0.885    1.337   9.460 
cond              3.000         3.762      1.160    -0.762   0.000    0.700   2.000 
loc               3.500         3.159      1.208     0.341   0.000    0.600   2.000 
lotac             1.627         1.379      1.388     0.247   0.100    0.230   0.851 
age              63.600        64.905     36.474    -1.305   8.000    8.600  30.000 
watinf            2.700         1.603      1.420     1.097   0.000    1.100   4.000 

Table B2: Summary Of Balance For Matched Data 
Means Treated Means Control SD Control Mean Diff eQQ Med eQQ Mean eQQ Max 
distance          0.390         0.362      0.181     0.029   0.008    0.029   0.102 
hsesf.00s        16.726        17.630      5.572    -0.903   0.920    1.123   3.600 
cond              3.000         3.000      1.124     0.000   0.000    0.200   2.000 
loc               3.500         3.400      1.392     0.100   0.000    0.300   2.000 
lotac             1.627         1.401      1.855     0.226   0.146    0.257   0.851 
age              63.600        62.300     40.901     1.300   5.000    6.800  29.000 
watinf            2.700         2.400      1.957     0.300   0.000    0.300   4.000 

Table B3: Percent Balance Improvement 
Mean Diff. eQQ Med eQQ Mean eQQ Max 
distance      85.457  95.384    84.98  72.119 
hsesf.00s    -44.423  -3.955    16.04  61.945 
cond         100.000   0.000    71.43   0.000 
loc           70.698   0.000    50.00   0.000 
lotac          8.684 -45.662   -11.76   0.000 
age            0.365  37.500    20.93   3.333 
watinf        72.648   0.000    72.73   0.000 

Table B4: Matched Sample Size 
Control Treated 
All            63      20 
Matched        20      20 
Unmatched      43       0 
Discarded       0       0
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Tables B1 to B4 are output from the matching process. Tables B1 and B2 outline the 
comparability of the two groups before and after matching, respectively. A summary of the 
improvement in comparability of the groups achieved by matching is in Table B3. Table B4 
shows that matching has reduced the original sample of 83 sales to a smaller sample of 40 
sales, consisting of 20 sales in the viewshed group (inside the view shed-Treated) and 20 
sales in the control group(outside of the viewshed). 

Figure B.1 is a visual display of the imbalance in the attributes between the two groups 
before matching (raw) and the improvement in the comparability of these attributes caused 
by the matching process (matched). 

The comparison is made on the calculated propensity score for each sale. A propensity 
score of a property is its conditional probability of falling into the viewshed group given its 
attributes. It is a single value measure that summarizes all the attributes of any one 
property. Matching occurs on these propensity scores.  It can be said that the propensity 
score is an overall utility score of the property similarly used in Qualitative and Quantitative 
analysis within the Direct Comparison Approach used by appraisers using Quality Point. 

A comparison of the distributions of the propensity scores between the viewshed and 
control groups for both the raw and the matched data sets is offered by the histogram plots 
of Figure B.1. As the plots in the left column show, the distributions of the scores before 
matching are quite different. This difference disappears after matching, with the viewshed 
and control groups having similar propensity score distributions in the matched sample. 

Figure B.2 below is a dot plot of these propensity scores. In addition to plotting the scores of 
the matched data set, it also shows the propensity scores of the discarded sales. 
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Figure B.1: Histogram Plots Comparing Propensity Scores between Raw 
and Matched Data by Viewshed and Control Groups 



Wind Farm Study – Effect on Real Estate Values 
in the Municipality of Chatham-Kent, Ontario 

JOHN SIMMONS REALTY SERVICES LTD         & CANNING CONSULTANTS INC

50

Figure B.2: Plot Comparing Propensity Scores between Raw and Matched Data by 
Viewshed (Treatment) and Control Groups 
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After matching, comparability between the groups has improved in the smaller matched 
data set (mdata). Overall, matching has made the two groups more alike than not. 

Tables B.5 is the summary of the regression model built on the matched data set. Besides 
the viewshed variable, only three predictors were included in this model. These three 
predictors are helpful in explaining the variation in the log of sale price.  The reason why 
only three predictors were used is because these were significant in explaining variation in 
the data set.  Using too many variables against too small a sample would undermine the 
basic principles of regression analysis. 

Table B:5 indicates that, contrary to the expectation of a statistically important negative 
coefficient for viewshed obtained from the regression on the full data set (outlined in Panel 
A), the regression on the smaller matched data sample of 40 sales shows viewshed has no 
clearly identifiable relationship with sale price. Although the viewshed coefficient has a value 
of -9%, the standard error is almost 12%. The output shows a probability of 45% of 
obtaining the coefficient value returned, even if the statement of a zero effect between sale 
price and viewshed were true. It can reasonably be concluded, therefore, that the model 
indicates there is no relationship between price and viewshed. 

Table B.5 Summary of Regression Model - Data Matched Optimal Method 

Call:
zelig(formula = log(sp) ~ viewshed + age + hsesf.00s + lotac, 
model = "ls", data = mdata, weights = "weights") 

Residuals:
Min      1Q  Median      3Q     Max 
-0.6559 -0.2388  0.0293  0.2247  0.6321 

Coefficients:
Estimate Std. Error t value Pr(>|t|) 
(Intercept) 11.27470    0.22463   50.19  < 2e-16 *** 
viewshed    -0.08945    0.11594   -0.77  0.44558 
age         -0.00626    0.00136   -4.61  5.1e-05 *** 
hsesf.00s    0.05082    0.01097    4.63  4.9e-05 *** 
lotac        0.11917    0.03048    3.91  0.00040 *** 
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Residual standard error: 0.364 on 35 degrees of freedom 
Multiple R-squared: 0.634, Adjusted R-squared: 0.593 
F-statistic: 15.2 on 4 and 35 DF,  p-value: 2.72e-07 
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USING THE CEM MATCHING SEQUENCE

As a second matching approach, the CEM package4 was employed in the R library of 
analytic functions.  The CEM function was chosen from the available matching functions 
because of its similarity to the matching process traditionally used by property appraisers 
for variables with continuous values.   The basic idea with CEM is to temporarily coarsen 
continuous variables such as house size so that substantively indistinguishable values are 
grouped and assigned the same numerical value. It is on these assigned values that 
matching occurs.   Panel C of shows the matching analysis by CEM and final adjustment by 
regression.

Panel C: Regression Model on Data Matched by MatchIt Package Using Coarsened 
Exact Matching (cem) Method 

Cem Matching Call: 

library(cem)
todrop <- c("sp", "bsmnt", "outbldgs", "gar", "bsmntfin", "id") 

matcem <- cem(treatment = "viewshed", data = wind, 
drop = todrop, cutpoints = list(age = 4, hsesf.00s = 3, lotac = 3)) 

est <- att(matcem, log(sp) ~ viewshed + age, data = wind) 
summary(est)

Table C.1: Matched Sample Size 

summary(est)

G0 G1 
All       63 20 
Matched   11  9 
Unmatched 52 11

                                               
4 The program implements the Coarsened Exact Matching (CEM) algorithm described in  
Stefano M. Iacus, Gary King, and Giuseppe Porro, "Matching for Causal Inference Without Balance Checking" 
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Table C.2 Summary of Regression Model - Data Matched cem Method 

Treatment effect estimation for data: 
(Linear regression model estimated on matched data only) 

Coefficients:
Estimate Std. Error t value   p-value 
(Intercept) 12.3485988  0.2324106 53.1327 < 2.2e-16 *** 
viewshed    -0.0702465  0.2142539 -0.3279  0.747017 
age         -0.0082206  0.0028356 -2.8991  0.009982 ** 
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

After matching by the CEM method, comparability between the groups has improved (output 
not shown) in the smaller matched data set of 20 sales. Overall, matching has made the two 
groups (G0=no viz, G1=avg viz) more alike than not. 

Table C.2 is the summary of the regression model built on the matched data set. Besides 
the viewshed variable, only one predictor (age) is included in this model to explain 
remaining variation because of the small sample size of the matched data. 

Similar to the regression estimate obtained on the matched data by the optimal method 
(outlined in Panel B), Table C:2 shows the regression on the smaller matched data sample 
of 20 sales has brought back a strong indication that viewshed has no clearly identifiable 
relationship with sale price.  The viewshed coefficient has a value of -7%, with a very large 
standard error of 21%.    With this large sampling error, it can reasonably be concluded that 
the matched data does not refute the hypothesis of no relationship between price and 
viewshed.
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PAIRED SALES ANALYSIS

A common method of analysis by real estate valuers and consultants is the “Paired Sales” 
or “re-sales”. 

The “Paired Sales” method involves the pairing of IDENTICAL sales in every respect with 
the exception of characteristic under review.  “Paired Sales” do not exist in the market place.
The confusion by real estate analysts is the difference between the words “identical” and 
“similar”.  Many consultants believe because they have similar sales that they are identical.  
Unfortunately that is not the case.  How consultants analyze similar sales is to make ad hoc 
adjustments (based upon no evidence) to the data with respect to differences between the 
paired similar sales to the property characteristic in question.  This is a common strategy 
when trying to group sales that are near or adjacent to wind farms and those that are not.  
The difficulty with this strategy is that it is subjective in nature, and often very difficult to 
reproduce.

A closer data match would be “re-sales” that have occurred over a period of time.  Thus to 
measure the effect of wind turbines on real estate values, one should be able to decipher 
from the “re-sales” the difference in sale prices and the “re-sale” price. 

Some “re-sales” of the same property were noted in the data compiled for this analysis. 14 
examples of “re-sale” sales were identified for an independent analysis, as shown below.  
With a view to respecting the rights to privacy of the property owners, and to maintain the 
confidentiality of purchase price information, the specific property addresses have not been 
identified.  Full details have been retained in the author’s files as required by the Appraisal 
Institute of Canada, and should they be required for court testimony.

ADDRESS DATE OF SALE SALE
PRICE 

IN THE 
VIEWSHED 

PRICE 
DIFFERENTIAL 

     
Property A 2008/05 96000 Yes +$7,000 
Property A1 2003/08 89000   
     
Property B 2009/02 124000 Yes +$41,500 
Property B1 2003/05 82500   
     
Property C 2008/08 79000 Yes -$6,000 
Property C1 2006/10 85000   
     
Property D 2007/08 174000 Yes +29,000 
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Property D1 2005/03 145000   
     
Property E 2008/05 99500 Yes +$9,500 
Property E1 2004/05 90000   
     
Property F 2007/12 131000 Yes -$4,000 
Property F1 2005/06 135000   
     
Property G 2008/04 152500 Yes +$12,500 
Property G1 2007/11 140000   
     
Property H 2009/05 79900 Yes -$5,100 
Property H1 2003/09 85000   
     
Property I 2009/05 70500 Yes +$6,500 
Property I1 2007/01 64000   
     
Property J 2009/01 65000 Yes -$52,000 
Property J1 2004/12 117000   
     
Property K 2007/03 95000 No -$15,000 
Property K1 2005/04 110000   
     
Property L 2007/09 325000 Yes +$177,000 
Property L1 2005/10 148000   
     
Property M 2007/05 200000 Yes -$95,000 
Property M1 2005/04 295000   
     
Property N 2008/09 105000 Yes +$30,000 
Property N1 2006/07 75000   

14 pairs of identical properties were found to have sold over the last 5 years.   These were 
in fact re-sale of the same properties.   Out of the 14 re-sales, 13 were re-sales that were in 
the viewshed and 1 re-sale outside of the viewshed.  If the “re-sales” are taken at face 
value, there are 8 re-sales in which their values have increased over time and 6 that have 
shown a decrease in value.  It is interesting to note that the sale that is not in the viewshed 
showed a decrease in value.  Since the element of time is constant and had no effect on 
sale price, there had to be a reason for the differences in the sale prices within the “re-
sales”.  The interpretation of the “re-sales” has identified some of the reasons for the 
differences in the sale prices.
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Property A sold in 2008 on the MLS®.  At that time the home was in good condition and had 
some updates.  There was no MLS® listing on the property when it sold in 2003.  However, 
we did find a 2002 MLS® listing that indicated that the property had received some 
renovations. In other words, the change in the sale price levels between 2003 and 2005 was 
not due to a difference in the condition of the home.  Everything else seemed identical.  So 
what was the real cause of the increase in value? 

Property B sold on the MLS® in 2003.  It required updating and it was not in the same 
condition when it sold in 2009.  This might explain the +$41,500 increase between the sale 
dates 2003 and 2009. 

Property C, when it sold in 2006 appeared to be in better condition then when it sold in 2008 
at a loss.  This could explain the price difference between the sale dates. 

Property D revealed no MLS® listing when it sold in 2003.  The 2008 MLS® sale indicated 
that the house was in good repair at the time of the sale.    It is not known if there was any 
difference in the property between the two sale dates. 

Property E sold in 2006 and 2008.  On both MLS® listings of the property, it indicated that 
the property had not changed and was in good condition when sold each time.  The cause 
for the property to increase in value by $9,500 is not known. 

Property F sold in 2005 and 2007.  In both instances the home was in good repair yet it sold 
for a loss.  The rationale for the loss is unknown. 

Property G sold in 2007 and 2008.  The 2007 sale indicated that the home needed some 
work.  The 2008 sale reflected the improvements made to the property that is why it sold for 
a profit. 

Property H sold in 2003 and in then in 2009 for a loss.  Each of the MLS® listings indicated 
the home was in average condition and no changes had been made to the home.  The 
rationale for loss in value is not known. 

Property I sold in 2007 and again in 2009 for an increase of $6,500.  When the property sold 
in 2007 it had some updates and was in a good state of repair.  When it sold in 2009, it sold 
in “as is” condition which suggests some type of a problem.  However, it sold at an 
increased price in 2009. 
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Property J sold with a loss of $53,000 between 2004 and 2009.  There was no 2004 MLS® 
listing for this property, but there was an expired 2006 listing.  According to the 2006 MLS® 
listing the home appeared to be in average condition.  However, when it sold in 2009 the 
MLS® listing reports the house being sold “as Is” condition which suggests some type of a 
issue.  This could explain a large portion of the loss. 

Property K, which was just outside of the viewshed, sold in 2005 and in 2007 for a loss of 
$15,000.  A review of both MLS® listings at the time of these sales, disclosed no evidence 
of any changes to the property.  There is no rationale as to why the property sold for less in 
2007.

Property L sold in 2005 and 2007 for an increase of $177,000.  The MLS® indicates that the 
home had been substantially updated at the time of the 2007. 

Property M sold in April 2005 for $295,000 and resold in May 2007 for $200,000. This 
appears to indicate a loss of $95,000.  When this property sold in April 2005 it sold under a 
power of sale and in "as is" condition.  When it sold in May 2007 it had a new septic system 
and was in average condition.  The difference in the selling prices between the dates was 
the result that a lot had been severed off the property after the purchase in 2005.  The 
original lot size of the property in April 2005 was larger than when it sold in May 2007.  Thus 
the price differential was the result of the lot size difference and is not related to the wind 
turbines.

Property N sold in 2006 and in 2008 for a profit of $30,000.  There was no MLS® listing 
found when it sold in 2006 and the 2008 listing basically showed that it was in average 
condition.  There is no rationale as to why this property sold at an increased price.

Even using “re-sales” as a point of entry in determining the impact of wind farms on property 
values does not show any casual relationship.  With the “re-sales” that were found in the 
data set, there was more evidence on the outset that property values have increased 
despite the existence of wind farms.  Yet in many instances there was no explanation of 
why these “re-sales” increased or decreased in value. 

The problem of using “Paired Sales” or even “re-sales” as a model for determining the effect 
on real estate of a given property characteristic is very simple. These types of analysis 
cannot hold these physical differences between properties constant.  In order to understand 
what groups of data are telling us we need to code the data.  The “re-sales” “Paired Sales” 
methods do not allow for any coding nor do they allow for any levels of measurement.   
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Discussions with the realtors, buyers and sellers involve tend to be bias and skews results.  
A tool is required that is capable of holding constant all the variables, is capable of 
categorizing the variables, and finally, is capable of labeling the characteristics that impede 
on value. 

The only real estate model that can actually hold constant all the variables that interact on 
price in a given real estate market place is Multiple Regression Analysis.  This is the basis 
of this analysis and the authors have made every attempt to draw any inference, negative or 
positive, from the data procured from the marketplace as to the relationship of wind turbines 
and the sale price of nearby rural residential properties. 
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SUMMARY AND CONCLUSION

Sales prices of property in a given area provide the best source of evidence to establish 
market value.  In attempting to establish the extent of a specific influence on the value of 
real estate, the available data must be divided and analysed into two groups; those exposed 
to the influence and those not.    In the case of wind farms, it is appropriate to group the 
available sales data into those within the viewshed of the wind farms and those not.

When residential properties within a viewshed (viewshed group) are compared to those not 
in a viewshed (control group), there will be differences in selling prices between the two 
groups that are not related to the wind farms.    The authors adopted a basic regression 
modeling in attempting to rationalize these differences as it allows for the introduction of 
multiple variables.

An initial exploratory analysis helps to demonstrate that point.  On page 41 there is a visual 
presentation of the average sale prices of data within the “control group” and the “viewshed” 
group.  This graph shows a 7.5% decrease between the average sale prices of each group.  
On the initial examination it would appear that sales located in the “viewshed” sold “on 
average” 7.5% lower.   It would be wrong to assume that the -7.5% is the result of the wind 
turbines because the average sale price from each group represents the unexplained 
functions of all the variables.

Through a review of the MLS® data sheets and other records, as well as ground proofing 
inspections, the variables were identified and placed into the spreadsheet for regression 
modeling.  These variables include such features as lot size, location, garage, basement 
finish, house condition, age etc.  These variables can help to explain the differences in the 
selling prices of the dataset to allow for a more probative focus on the influence of the wind 
farms on those property sales within the viewshed.

The initial regression run showed that the variable “viewshed” returned a negative 
coefficient of 13%.    In regression analysis, a coefficient or value will always be returned in 
the results.  The quantum of the result indicates whether or not the coefficient is statistically 
significant. In this application, the “viewshed” variable returned, what is commonly referred 
to as a “Standard Error”, that could be inferred to be fairly wide.  The word “Error” may be 
misleading to some, in that it is not really an error. The error in the sampling is the 
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difference between the data drawn and the total data population.  In this case the total 
population of data is really hypothetical since the “Error” is the calculation of the fact that 
one is working with a sample not the entire population.  There will always be some 
difference.  In the case of the Standard Error in this analysis, it was .059 or 6.0%.  Thus the 
13% negative coefficient could have returned a value between -19% and -7% which is a 
very wide spread.  It was also noted that the “T” value which measures statistical strength 
was a -2 which really signifies the weakness of the returned coefficient of -13%.  In our 
opinion, this suggests that there was no consistency in this -13% coefficient being 
generated by the regression model.

Our exploratory data analysis was not limited to regression modeling on the whole data set.  
Since we know there are differences between the rural residential sales of each group we 
were able to segregate the data into closely matched datasets taken from each group.  
Once they were separated into like datasets, regression analysis could be re-applied to 
these smaller but more like sales to determine the effect of wind turbines on property 
values.   On page 49 of the report there are four graphs.  On the left side of the page are 
graphs (lower and upper) showing the Raw Treated and Raw Control groupings of data.  By 
matching these sales from the data set as shown on the right side of the page (matched 
Treated and Control groups) we were able to create a fairly close match or analysis.

The output of the regression modeling on page 47 of the matched data sets using the 
“optimal” method returned a -9.0% coefficient for the variable “viewshed” with a high 
standard of error and a very low T value.  This suggests that the coefficient returned by this 
regression run is not statistically significant. 

We then extended the matching analysis to include the “CEM” method.  The “CEM” method 
segregates data from two groups using a different technique then the “optimal” method.  It 
must be remembered that both the “CEM” and the “Optimal” method does not consider sale 
price as a matching variable.  The regression run using the “CEM” method is shown on 
page 52.  Once again, a -7% coefficient is found for the variable “viewshed” returned by this 
model.  The “Error” was very wide and the T value was extremely low.  The conclusion is 
that the coefficient that “viewshed” returned is not deemed to be statistically significant. 

The last considered approach was to take raw data in the form of paired sales.  These 
paired sales were taken from the data inputs.  This data set is located on page 54 of the 
report.  Our examination of this data set was simply to determine the price differences of the 
same properties regardless of whether or not the residual price was negative or positive.  By 
simply viewing the raw data without any formal analysis, no relationship could be 
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determined between the presence of wind turbines and rural residential properties. 

It is of paramount importance to note that any diminution in market value may be as a result 
of influences other than wind turbines.  For example, a vendor may be motivated to accept a 
price lower that expected or even lower than their own earlier purchase price.   Such 
motivations may be due to job loss, corporate transfer with employer compensation for price 
loss, ill health, old age or death.

The three regression models in this study returned a similar negative coefficient for the 
variable “viewshed” supported by a wide Standard Error and low T scores that clearly show 
that those coefficient results could not be relied upon as being statistically significant.  It 
could not be said that rural residential houses located in a viewshed sold for lower prices. 

RECOMMENDATIONS FOR FUTURE STUDIES

The study of wind farms and their effect on property values is, and will likely continue to be
a subject of debate for many years.  Central to any future studies will be the methodology 
chosen for such a task.   As pointed out earlier, the analytical options are limited.  
Furthermore, the real estate market is not perfect.  It is comprised of individuals who hold 
differing ideals and objectives.

The motivations for buying and selling can vary significantly and can be influenced by 
numerous factors including, but not limited to financial capabilities, family criteria influences 
including physical and health limitations, employment etc. It can also be influenced by 
external factors such as the number of competing listings of properties available for sale, 
the price of gasoline vis-à-vis travelling distances, and prevailing economic conditions.  As a 
result the data available for analysis will be imperfect, resulting in unpredictable differences 
and conclusions.  Seeking perfection in analytical results can be an elusive and perhaps 
unattainable objective.

Most competent analysts will acknowledge that a large volume of well researched data, 
when properly analysed, is more likely to produce a more reliable result than a small 
selection of data.   The commonly used “paired sales” analysis relies on only a few 
observations and frequently adopts “ad hoc” methods of rationalizing variances.  This 
technique has been used since the 1930’s in real estate appraisal practice and can often be 
proven to be unreliable by rendering biased results due to flawed adjustments and 
insufficient support.   It is for this reason that a “paired sales” analysis, using only a few 
sales transactions, that are unlikely to be ideally comparable, is a statistically inferior 
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approach.

Some studies on wind farm influences to date have relied exclusively on interviews of area 
residents.    Such interview formats as a basis by reaching a conclusion can be misleading 
for several reasons.   Bias can be built in by the way the questions to be asked are framed.  
The questions asked are rarely if ever presented with the results for review.     The answers 
given by the respondents may not be truthful for a variety of reasons.  Interview format 
studies are not evidence, they are unsubstantiated opinions, and as such are not empirical 
or reliable.

The authors believe that the Multiple Regression Analysis technique is the preferred choice 
in the analysis of data for several reasons.    It utilizes a large volume of market derived 
observational data, and is capable of minimizing the element of bias.    MRA can extract a 
detailed view of the primary influencing variables on price and examined them on a micro 
level (assuming the data is available). 

In future studies of the overall impact of wind farms on nearby property values, the many 
variables having independent influences must be carefully grouped for analysis.  In addition 
to the usual adjustment for property differences, the following areas are suggested for 
possible groupings for analysis: 

 the distance to a wind turbine; 
 the number of visible turbines; 
 angle/direction of visibility; 
 the influence of visibility of a hilly terrain or bush cover;      
 noise measurements at different times of the day; 
 noise measurements under different wind conditions;  
 the influence of vibrations; 
 volume of competing listings of properties available for sale; 
 length of exposure time prior to consummation of a sale; and 
 the time of year. 

Although distance is an important element that needs to be incorporated in any future 
design program, it must be carefully related to the other influences.   If a negative effect 
becomes evident, then it may be necessary to study the distance at which the impact is no 
longer measurable.   An attempt was made in this study modeling by incorporation this 
variable into the MRA equation.  There was an insufficient volume of sales in order to 
provide any concrete evidence as to the distance of influence on property prices.  
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The mandatory minimum noise set back distance, based on the new Ontario guideline from 
wind turbines to the closest Point of Reception (neighbouring house), is 550 meters.  This 
new set back distance may differ with set backs in other locales.   The present suggested 
setback distance was arbitrarily determined.  Absent concrete data gleaned from the market 
place in terms of the minimal distance of influence (if there is one) it seems unreasonable to 
some developers that increased boundary lines be set. 

A more detailed scoring system to encompass the subtle differences may be required.     
The site inspection of the sale properties disclosed varying degrees of influence.  For 
example; some had visible views of wind turbines from the driveway and others only from 
the rear yard. Some had views of wind turbines only when approaching or leaving a 
property.   Some properties were proximate to wind turbines but they were not visible or 
audible as they were separated by trees.  These subtle differences may play a role in 
analyzing the effect of wind farms on property values.  Close proximity to a wind farm 
development may be a factor, but in future studies the criterion used for scoring the degree 
of influence requires careful consideration. 

If turbine noise is deemed to be a factor to be scored, the relationship of the prevailing 
winds to the nearby properties may also have to be taken into account.    The relationship of 
wind speed to turbine noise may also need study.  Future studies may require mapping the 
sound measurement results within the viewshed of the wind farms located within the area 
under study.  Wind turbine attributes may also need to be considered in the future. 

At a public hearing attended by the authors, a neighbouring complainant suggested that 
vibrations from the turbines were bothersome.  If vibrations are found to be a factor to be 
analysed, the nature of the subsoil conditions may have to be considered for their influence 
on the transmission of the vibrations.    A clayey subsoil material may have a different 
influence on the transmission of vibrations than say bedrock.

The proximity of a wind farm development to a property sale may show improvement by 
using a more comprehensive scoring system, but its reliability is ultimately base in the 
volume of supporting market driven data. 
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When a sale property near a wind farm is consummated, an important question in future 
studies may be the volume of available of competing listings of a similar nature, and their 
influence on the buyer’s decision.  Were there a number of listings available to the buyer at 
the time of the sale within the area of the viewshed, and what influence might they have had 
on the sale price? 

In future wind farm studies specific attention to the influence on the price paid by a buyer of 
the length of time the property was exposed for sale on the market may be required.   The 
exposure/listing times of the sale properties may need to be examined in the sales 
groupings, both in and out of the viewshed.  As noted earlier in this report, there are many 
factors that can influence the length of marketing exposure.  It may be necessary to 
consider these factors and determine, if possible, if a lower selling price was related to any 
specific factor or simply if the property became “stale” on the market.  Extended listing times 
can lead buyers to perceptions of problems that may not exist. 

The sale date of the property within the viewshed relative to the time of the year may be 
worthy of further study.  During the summer months property owners and buyers are more 
mobile or spend more time out of doors.   During winter months there can be less tree 
foliage making the turbines more visible, yet there may be less emphasis on surroundings
and a greater focus on other amenities that a given property offers.  An analysis to consider 
if buyers are more sensitive to wind farms during different periods in a given year may be 
worthy of consideration. 

APPLICABILITY OF STUDY RESULTS TO OTHER REGIONS

This study focused only on the influence of wind farm development along the north shore of 
Lake Erie in the Chatham-Kent area of Ontario.   The study results derived from market 
evidence in this area may not be relevant to other regions of Ontario or Canada.   
Differences may arise due to variations in: 

 socio-economic influences 
 Wind directions 
 subsoil conditions 
 tower heights 
 turbine models 
 turbine age 
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 volume of competing listing of properties available for sale 
 jurisdictional set back requirements from property lines or neighbouring properties 
 area topography 
 tree lines and bush lots 

As a result of differences in some of these variables there may well be dissimilar study 
results.    Caution should be used before suggesting that similar results would be found in 
other areas. 
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CONTINGENT AND LIMITING CONDITIONS

1. This consulting report is not valid unless original signatures are evident. 

2. It is assumed that the market considers the sub-soil as good and acceptable. No 
responsibility has been assumed for the requirements of government, public or private 
bodies.

3. The presence of any potentially hazardous materials on the properties studied was 
not apparent or evident during the property inspection.  Unless expressly noted, no on-site 
soil investigation has been undertaken on behalf of the authors, nor are they aware of any 
test results obtained in the past by others.  Unless stated otherwise, the authors assume 
there are no unusual subsoil conditions or hazardous waste contaminants, which would 
adversely affect any future use of these sites, or adversely impact on the health of 
occupants, and no warranty or representation is made as to the environmental integrity of 
the subject parcels.  We are not qualified to detect the existence of such substances. 

4. All data used and described herein whether provided for this appraisal or obtained in 
the market place is assumed to be correct and reliable. 

5. Property rights being studied are those of the “Fee Simple” interest.  The authors 
assume no responsibility for matters, which are legal in character.  The legal description is 
assumed to be correct. 

6. The authors are not required to give testimony or attendance in court by reason of 
the appraisal, with reference to this study or the properties analysed therein, unless 
arrangements have been made previously. 

7. Maps, plans, and surveys, etc. that may be in this report are included to assist the 
reader in visualizing the information and are not warranted as to their accuracy. 

8. It is assumed that the properties comply in all material respects with all the 
requirements of law, including zoning, land classification, building, planning, fire and health 
by-laws, rules, regulations, orders, Acts and codes of all federal, provincial, regional, and 
municipal governmental authorities having jurisdiction with respect thereto. 



Wind Farm Study – Effect on Real Estate Values 
in the Municipality of Chatham-Kent, Ontario 

JOHN SIMMONS REALTY SERVICES LTD         & CANNING CONSULTANTS INC

67

9. It is assumed that, save and except for encumbrances as may be permitted, and 
explained in this report, there are no easements, rights-of-way, building restrictions or other 
restrictions so affecting the properties referenced herein as to prevent or adversely affect 
their operation or so as to materially and adversely affect market value. 

10.  This report has been prepared on behalf of the Canadian Wind Energy Association.  
No other third party may rely on this report unless they receive written permission by the 
study authors.  Any liability from unauthorized use is strictly denied.   The authors of this 
report, George Canning and Canning Consultants Inc. and L. John Simmons and John 
Simmons Realty Services Ltd., accept no warranties, expressed or implied, with respect to 
the use or interpretation of this report by any third party.   Any questions related to this 
report should be directed to the Canadian Wind Energy Association.
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CERTIFICATION

We certify that to the best of our knowledge and belief: 

- The statements of fact contained in this report are true and correct. 

- The reported analyses, opinions and conclusions are limited only by the reported 
assumptions and limiting conditions, and are our personal, impartial, and unbiased 
professional analyses, opinions and conclusions. 

- We have no present or prospective interest in the parcels that are the subject of this 
report, and have no personal interest with respect to the parties involved. 

- We have no bias with respect to the properties that are the subject of this report or to 
the parties involved with this assignment. 

- Our engagement in and compensation for this assignment were not contingent upon 
developing or reporting of predetermined results, the amount of the value estimates, or a 
conclusion favouring the client. 

- Our analyses, opinions, and conclusions were developed, and this Consulting Report 
has been prepared, in conformity with the Canadian Uniform Standards of Professional 
Appraisal Practice.  The Appraisal Institute of Canada retains the right to review this 
report.

- We have the knowledge and experience to complete the assignment competently. 

- As of the date of this report both, L. J. (John) Simmons, AACI and George Canning, 
AACI, have fulfilled the requirements of The Appraisal Institute of Canada Mandatory 
Recertification Program for designated members. 

- The undersigned inspected the properties identified herein on various dates in the 
months of May and June 2009. 

RE: WIND FARM STUDY – IMPACT ON REAL ESTATE VALUES
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By reason of our investigation and by virtue of our experience, we have been able to form 
and have formed the opinions set out in this report. 

Using the time period June 2009, the estimated impact on the property values, as analysed 
herein simply states that:  No empirical evidence can be drawn from the Chatham-Kent 
market place to suggest that wind turbines have a negative effect on the sale prices of rural 
residential properties 

By reason of our investigation and by virtue of our experience, we have been able to 
complete a Consulting Report setting out opinions and property sales evidence to assist the 
addressee herein in considering the impacts on certain property values.    This report should 
not be construed as an appraisal report setting out an opinion of Market Value, and should 
not be relied upon by others for any reason except as provided for herein.

The findings set out in this report are subject to the Critical and Extraordinary Assumptions, 
as well as the usual limiting conditions and underlying assumptions as outlined herein.  The 
authors reserve the right to revise the opinions in light of any facts and conditions that 
become known subsequent to the date of this report, which have an impact on the 
conclusions reached. 

John Simmons Realty Services Ltd.                                   Canning Consultants Inc.

___________________________________                  _____________________________ 
L. J. (John) Simmons, AACI, FRI, CMR, PLE                 George Canning, AACI, P.App, PLE 
Dated:  February 4, 2010                                                Dated:   February 4, 2010 
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ADDENDUM “A” – PRIVACY STATEMENT



Wind Farm Study – Effect on Real Estate Values 
in the Municipality of Chatham-Kent, Ontario 

JOHN SIMMONS REALTY SERVICES LTD         & CANNING CONSULTANTS INC

71

PRIVACY STATEMENT

John Simmons Realty Services Ltd. and Canning Consultants Inc have privacy policies 
in accord with legislation as it affects the Personal Information Protection and Electronic
Documents Act (PIPEDA).  In general, the firms deal with the collection, use, and 
distribution of commercial rather than personal information.  In the event that personal or 
sensitive data may be required to properly complete an assignment, the policies recognizes 
that consent is required for information that: 

1. permits someone to learn sensitive, private information; 

2. relates to a natural person; and 

3. permits the identification of that person. 

In accord with corporate policy, therefore, information provided by our clients will be used, 
secured and maintained based on criteria which include: 

 limited use, only the data needed to complete the assignment is required. 

 obtaining consent with respect to use of sensitive personal information about an 
identifiable individual (does not include the name, title, business address, or 
telephone number of an employee of an organization). 

 non-disclosure of files, (subject to Law, or review by authorized representative of 
Appraisal Institute of Canada, the Courts, Provincial or Federal agencies that 
have appropriate jurisdiction). 

 the use of facts in the public domain as part of the appraisal process. 

 information retained in our database that is relevant  only to the subject property. 

 tight control in the production of reports, and distribution only as authorized by the 
Client.
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ADDENDUM “B” – AUTHORS QUALIFICATIONS
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CANNING CONSULTANTS, INC

The firm has been in existence for seven years.  Its principal, George Canning has been in 
the appraisal/real estate consulting business for 25 years and was a partner in one of the 
largest real estate firms in Southwestern Ontario.  Recognizing that the needs of the clients 
were not being met by traditional valuation methodologies, this firm was organized to 
provide specialty consulting services.  Solutions to complex real estate problems using 
modern techniques are now required to address those real estate issues that in the past 
could not be reliably solved. 

Canning Consultants, Inc. is one of a very few fee based real estate consulting Companies 
that employs modern statistical methods and modeling tools with a common sense 
approach based upon many years of analyzing real estate. 

George Canning, AACI, PAPP, PLE 

2006  Designated Ontario Land Economist. 

2006  Received designation of DAC. 

2005  Elected as Regional Director to the Association of the Appraisal Institute of 
Canada-Ontario.

2004  Wrote a long distance learning course for the American Institute of Appraisers 
on Quality Point-a Direct Comparison Approach to Value. 

2004  Appointed to the Professional Development Committee for the Ontario 
Association of the Appraisal Institute of Canada-Ontario for a one year term. 

2004  Appointed to the Professional Steering Committee for the Appraisal Institute of 
Canada to chart the future course of the industry. 

2004  Guest speaker at the 2004 world joint AIC/USA Appraisal Conference to be 
held in Toronto, Ontario June 24-27, 2004. 
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2004  Guest Lecturer in Kingston on March 5, 2004.  Quality Point Analysis, on 
behalf of the Appraisal Institute of Canada. 

2003  Guest Lecturer in Hamilton November 7, 2003.  Quality Point, Exploratory 
Data Analysis, and AMV, on behalf of the Appraisal Institute of Canada. 

2003  Guest Lecturer in Ottawa November 21, 2003.  Regression Analysis on behalf 
of the Appraisal Institute of Canada. 

2002 to 2004 Elected to the Board of Directors-National Governing Council. 

2002  Guest Lecturer in Ottawa, Ontario on the behalf of the Appraisal Institute of 
Canada.  The topic is an Introduction to Regression Analysis and Qualitative 
and Quantitative Comparative Analysis. 

2002  Guest Lecturer in Halifax, Ontario on the behalf of the Appraisal Institute of 
Canada.  The topic is an Introduction to Regression Analysis and Qualitative 
and Quantitative Comparative Analysis. 

2001  Contributed to a new text book on Real Estate Appraising through the 
University of British Columbia.  The material is on Automatic Valuation Models. 

2001  Guest Lecturer at Trent University on the behalf of the Appraisal Institute of 
Canada.  The topic is about Qualitative and Quantitative Comparative 
Analysis.

2000  Teaching 'Introduction to Linear Regression' through Fanshawe College’s 
London and Middlesex Continuing Education Course Program. 

1999  Teaching 'Introduction to Linear Regression' through Fanshawe College’s 
London and Middlesex Continuing Education Course Program. 

1998-Pres Teaching 'Investing In Real Estate' through Fanshawe College’s London and 
Middlesex Continuing Education Course Program. 

1998 - Pres Associated Member of the London St. Thomas Real Estate Board 
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1997  Granted Professional Appraiser by the Appraisal Institute of Canada (P.App) 

1997  National Investigations Committee for the Appraisal Institute of Canada (One 
Year Term) 

1996 to 1998 Appointed Executive Director of the London Chapter of the Appraisal Institute 
of Canada 

1994 to Present Provincial Admissions Committee for CRA and AACI candidates 
(Appraisal Institute of Canada) 

1988 to 1998 Certified Instructor for the Ontario Real Estate Association (Real Estate 
Appraisal Course) 

1987  Granted AACI Designation (Accredited Appraiser Canadian Institute) 

1983  Granted CRA Designation (Canadian Residential Appraiser) 

STUDIES & PUBLISHED ARTICLES

The following list involved studies in which Regression analysis was used: 

Studied the Effects of Potential Real Estate Loss on Housing in Cambridge, Ontario as a 
result of a Gas Spill. 

Studied the Impact of Urea Formaldehyde on Residential Housing in London, Ontario. 

Determine the Effect on Value over the Loss of On Site Parking of a Dental Building in 
London, Ontario. 

Determined the Impact of the Loss of Front Yard Depth on Residential Housing for 
Expropriation in London, Ontario. 
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Determined the Impact of the Loss of Trees on Residential Housing for Expropriation in 
London, Ontario. 

Determined the Impact of the Increase in Traffic Flow as a Result of the Taking of Land for 
Road Widening in London, Ontario. 

Determined the Impact on Value of Subdivision Lots that Back onto Green Space in 
London, Ontario. 

Determined the Impact of Underground Easements on Residential Property Values in 
London, Ontario. 

Determined the Impact of Mutual Driveways on Residential Property Values in London, 
Ontario.

Determined the Contribution to Old Farm Buildings on Rural Property Values in South 
Western Ontario. 

Contributed to summary results of the impact of tainted water on Walkerton, Ontario. 

Determined the Impact of Property Values in Proximity to Garbage Dumps. 

Determined the Loss in Value as a result of a new home being hit by an unattended semi 
trailer truck. 

Determined the Impact on Value of Hydro Easements on Farm Properties in the Lambton 
County.
Determined the Change in Price Levels of Housings with Selling Prices between $400,000 
to $600,000 in the City of London between 2001 and 2005. 

Completed a province wide study in conjunction with the University of Waterloo on the 
impact of heritage designations of real property. 
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In addition, 

Co-wrote courses on Data Analysis and Investigation presented through the AIC. 

Co-wrote courses on Regression Analysis presented through the AIC. 

Published articles include the “Impact on Hydro Lines” and a “20 Year Study of the 
Apartment Market in the City of London”.  Other articles have been written for private 
organizations such as the Canadian Car Wash Association of Ontario and the Ontario 
Private Campground Association.  The topics were valuing car washes, and valuing public 
recreational campgrounds. 

An article was written for the Appraisal Institute of Canada on the” Contemporary Direct 
Comparison Approach to Value”.  It was published in the Canadian Appraiser Fall 2000.  It 
was recently published in “Readings in Real Estate”, Fourth Edition. 

Based upon the application of the multiple regression technique, a major assessment 
appeal case was won regarding the valuation of many office buildings in London, Ontario.  
The result was a saving of $1,000,000 in tax for the clients. 
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L. JOHN SIMMONS, AACI, FRI, CMR, PLE

Memberships and Affiliations

Accredited Member of the Appraisal Institute of Canada #723. (February 1969) 

Fellow of the Real Estate Institute of Canada – Marketing. (January 1971) 

Charter Member of the Association of Ontario Land Economists. (April 1970) 

Active Member of the London & St. Thomas Real Estate Board. (April 1971) 

Licensed Real Estate Broker. (April 1971) 

Associate Member of the Canadian Association of Real Estate Boards. 

Director of the St. Clair Region Conservation Foundation. 

Past Regional Vice President of the Ontario Expropriation Association. 

Background

Real Estate Appraisal Courses of the Appraisal Institute of Canada at Toronto 1963 to 1965. 

Courses in Business Law, Sociology, Industrial Real Estate, at York University, 1967 to 
1970.

Obtained Real Estate Sales Licence 1967.  Broker since 1971. 

Arbitration Courses I & II (AMIO) at University of Western Ontario 1996/97.   Has acted as a 
sole arbitrator. 

Past lecturer for Real Estate Appraisal courses at the University of Western Ontario on 
behalf of the Appraisal Institute of Canada. 

Past Chairman and Director of the London & District Chapter of the Real Estate Institute of 
Canada.

Past member of AIC Professional Standards Investigating Committee. 

Past Chairman of the London Chapter of the Appraisal Institute of Canada, 1986. 
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L. John Simmons – Overview of Professional Experience

Founder of the L. J. Simmons Group and its predecessor companies.  President of John 
Simmons Realty Services Ltd.   Has provided Real Estate Consulting and Fee Appraisal 
services continuously since 1962 for clients, including: 

- Federal Government Departments and Corporations; 
- Provincial Government Ministries, Departments, and Agencies; 
- Various First Nation Councils; 
- Power and Utility Corporations; 
- Various Conservation Authorities; 
- Counties, Cities, Towns, and other Municipal Corporations; 
- Various Universities, and Boards of Education; 
- Various National and International Corporations, Developers, Lawyers, Industries, 

Accountants; and 
- Banks and financial and lending institutions. 

Appraisal and Consulting services provided to the Corporation’s clients have included the 
following:

- expert witness testimony before various courts, boards, and other tribunals; 
-  case analysis for damage, loss of use and injurious affection claims; 
-  valuation estimates for property purchase and sale; 
-  multi property land assembly projects; 
-  municipal redevelopment and rehabilitation projects; 
- natural resource and recreational land valuations; 
-  utility corridors, right of way and flood easement acquisition and    
   expropriation appraisals; 
- subdivision of land; 
-  public and private institutional property valuations; 
-  senior citizens housing projects; 
- feasibility studies and market analyses; 
- investment analyses, benefit and cost studies; 
- leasehold valuations and rental property analyses; 
- assessment review; 
- valuation estimates for relocation and mortgage financing; 
- industrial and commercial property valuations; 
- valuations of equipment, machinery and industrial assets; 
- divorce and estate settlements; and 
- property and fire insurance claim appraisals; 
- forensic reviews of appraisal reports and purchase agreements; and 
- structuring agreements of purchase and sale. 
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IBI GROUP

ELECTRICAL ENERGY RELATED EXPERIENCE

Enbridge Wind Power Project 
In 2006, IBI Group was retained by Enbridge Ontario Wind Power L.P. to undertake land 
use planning approvals for the Kincardine Wind Farm that involved 120 wind turbines and 
the production of 181.5 Megawatts of power on 4,100 hectares of farm land located east of 
the Lake Huron shoreline.  This undertaking involved preparing zoning by-law regulations, 
preparing background reports, and presenting at public meetings.  As large scale wind 
farms are a relatively new land use throughout Ontario, community acceptance of the wind 
farms has been mixed.  As a result, the Kincardine project was appealed to the Ontario 
Municipal Board for adjudication.  For the Hearing, IBI Group undertook and was 
responsible for OMB Witness Statement, evidence preparation, individual turbine setback 
analysis, shadow flicker impact analysis, ice throw impact analysis, noise impact analysis, 
zoning by-law amendment revisions, emergency procedures, and dispute resolution 
protocol.

Township of Malahide and Municipality of Bayham: Wind Energy Official Plan Policies 
The development of electrical wind energy systems is growing in southern Ontario.  The 
prevailing winds along the Great Lakes shoreline are a natural resource with investment 
opportunity for commercial wind farm development.  Wind farm development provides 
economic and tax benefits to the local municipality.  IBI Group has researched wind 
generation systems for Council, municipal staff and community members of both the 
Township of Malahide and Municipality of Bayham, and developed Official Plan policies, 
Zoning regulations and Site Plan Agreements that meet community needs.  These planning 
tools balance the environmental and economic benefits with potential site specific impacts 
of the turbine. 

Ontario Power Authority – Planning for Electrical Infrastructure: A Review of Selected 
Municipalities in Southern Ontario

IBI Group was retained by the Ontario Power Authority (OPA) in November, 2008 to provide 
“The Services of An Urban Planner” within the following three streams of work: 

Municipal Specific Infrastructure Siting Research; 

Advice and Counsel in respect to urban planning issues; and 
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Advice and Counsel in the development of a workshop aimed at improving the 
knowledge of municipal planners in respect to generic electricity infrastructure project 
siting.

Through a comprehensive evaluation of current Provincial, Regional and local policies and 
Zoning By-Laws, and planning approval processes, this report is intended to assist the OPA 
in identifying opportunities and constraints within the overall planning framework for 
developing a new cogeneration natural gas-fired electrical generation facility and possible 
transmission upgrades within Study Area 1 (Southwest Toronto, Southern Mississauga, 
Southeast Oakville) and Study Area 2 (Waterloo, Kitchener, Cambridge, Township of North 
Dumfries, Township of Woolwich, Guelph). 

North Dumfries Energy Centre: Peaking Power Generation Facility 

The North Dumfries Energy Centre site is located on Dundas Street South in the Township 
of North Dumfries.  This project is being proposed by CPV Canada Development in attempt 
to address the increased load growth in the Region of Waterloo.  IBI Group’s responsibilities 
include the overall project management of the planning process and planning approvals 
including Amendment to the Township Official Plan, Amendment to the Township Zoning 
By-Law, and final Site Plan Approval.  IBI Group’s responsibilities also included planning 
and public consultation, on-site analysis with respect to site specific land use compatibility 
and good planning practices.

Nanticoke Energy Centre: Combined Cycle Facility 

The Nanticoke Energy Centre site is located on Haldimand Road 55, north of the Nanticoke 
settlement area.  This project is being proposed by CPV Canada Development in attempt to 
address the need for an additional supply of electricity, and a renewal of significant 
components of the province’s electricity generation infrastructure.  For this project, IBI 
Group’s responsibilities include the overall project management of the planning process and 
planning approvals including Amendment to the County Official Plan, Amendment to the 
local Zoning By-Law, and final Site Plan Approval.  IBI Group’s responsibilities also included 
planning and public consultation as well as on-site analysis with respect to site specific land 
use compatibility and good planning practices. 
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ADDENDUM “C” – REFERENCED STUDIES



Wind Farm Study – Effect on Real Estate Values 
in the Municipality of Chatham-Kent, Ontario 

JOHN SIMMONS REALTY SERVICES LTD         & CANNING CONSULTANTS INC

83

Reports Reviewed 

1.  Noise Radiation from Wind Turbines Installed Near Homes: Effect on Health; 
 Barbara J Frey, BA, MA, and Peter J Hadden, BSc, FRICS, Feb 2007 

2. Poletti and Associates, Inc. January 2007 - A Real Estate Study of the Proposed White 
Oak Wind Energy Center, McLean and Woodford Counties, Illinois.

3. Bard College Study April 2006 Madison New York.     

4. Land Value Impact of Wind Farm Development – Crookwell New South Wales 
(Australia);  Henderson & Horning Pty Ltd.  February 2006.

5. Impact of wind farms on the value of residential property and agricultural land; 
RICS survey.

6. Wind Turbines and Infrasound; 
Howe Castmeier Chapnik Limited, November 29, 2006.

7. Property Value Study: The Relationship of Windmill Development and Market Prices; 
Peter Bobechko, AACI, P. App, of Blake, Matlock and Marshall Ltd. September 2006.

8. Living with the Impact of Windmills.  (Slide presentation) 
Chris Luxemburger, real estate agent with Sutton Group.

9. Impact of Wind Turbines on Market value of Texas Rural Land.  (Slide presentation) 
Derry T. Gardner of Gardner Appraisal Group Inc.  Feb 15, 2009.

10. Property Stigma – Just the latest Fashion : Wind Farms & House Prices in the UK; 
Sally Sims and Peter Dent (Oxford University) September 2007.

11. Modelling the impact of wind farms on house prices in the UK.    
Sally Sims & Peter Dent, December 2008.

12. The effect of Wind Development on Local Property Values.   Renewable Energy Policy 
Project study; George Sterzinger, Frederic Beck and Damian Kostiuk. May 2003.
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ADDENDUM “D” – ONTARIO GOVERNMENT DOCUMENTS
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Documents Reviewed 

1. The Green Energy Act, 2009. 

2. Noise Guidelines for Wind Farms: Interpretation for Applying MOE NPC Publications 
to Wind Power Generation Facilities.       Ministry of the Environment, October 2008. 

3. Noise Modelling Approach for On-Shore Wind Farms; June 2009.

4. Proposed content for Renewable Energy Approval Regulation under the 
Environmental Protection Act. June 9, 2009.



The Potential Health Impact of Wind Turbines

Chief Medical Officer of Health (CMOH) Report 
May 2010



Summary of Review 
This report was prepared by the Chief Medical Officer of Health (CMOH) of Ontario in response to 
public health concerns about wind turbines, particularly related to noise. 

Assisted by a technical working group comprised of members from the Ontario Agency for Health 
Protection and Promotion (OAHPP), the Ministry of Health and Long-Term Care (MOHLTC) and 
several Medical Officers of Health in Ontario with the support of the Council of Ontario Medical 
Officers of Health (COMOH), this report presents a synopsis of existing scientific evidence on the 
potential health impact of noise generated by wind turbines. 

The review concludes that while some people living near wind turbines report symptoms such 
as dizziness, headaches, and sleep disturbance, the scientific evidence available to date does 
not demonstrate a direct causal link between wind turbine noise and adverse health effects. 
The sound level from wind turbines at common residential setbacks is not sufficient to cause 
hearing impairment or other direct health effects, although some people may find it annoying.  
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1 Introduction
In response to public health concerns about wind turbines, the CMOH conducted a review of existing 
scientific evidence on the potential health impact of wind turbines in collaboration and consultation 
with a technical working group composed of members from the OAHPP, MOHLTC and COMOH.

A literature search was conducted to identify papers and reports (from 1970 to date) on wind turbines 
and health from scientific bibliographic databases, grey literature, and from a structured Internet 
search.  Databases searched include MEDLINE, PubMed, Environmental Engineering Abstracts, 
Environment Complete, INSPEC, Scholars Portal and Scopus. Information was also gathered through 
discussions with relevant government agencies, including the Ministry of the Environment and the 
Ministry of Energy and Infrastructure and with input provided by individuals and other organizations 
such as Wind Concerns Ontario.

In general, published papers in peer-reviewed scientific journals, and reviews by recognized health 
authorities such as the World Health Organization (WHO) carry more weight in the assessment of 
health risks than case studies and anecdotal reports.

The review and consultation with the Council of Ontario Medical Officers of Health focused on the 
following questions:
• What scientific evidence is available on the potential health impacts of wind turbines? 
• What is the relationship between wind turbine noise and health?
• What is the relationship between low frequency sound, infrasound and health?
• How is exposure to wind turbine noise assessed? 
• Are Ontario wind turbine setbacks protective from potential wind turbine health and 

safety hazards?
• What consultation process with the community is required before wind farms are constructed?
• Are there data gaps or research needs?

The following summarizes the findings of the review and consultation.
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Wind Turbines and Health

2.1 Overview
A list of the materials reviewed is found in Appendix 1. It includes research studies, review articles, 
reports, presentations, and websites. 

Technical terms used in this report are defined in a Glossary (Page 11).

The main research data available to date on wind turbines and health include:

• Four cross-sectional studies, published in scientific journals, which investigated the relationships 
between exposure to wind turbine noise and annoyance in large samples of people (351 to 1,948) 
living in Europe near wind turbines (see section 2.2). 

• Published case studies of ten families with a total of 38 affected people living near wind turbines 
in several countries (Canada, UK, Ireland, Italy and USA) (Pierpont 2009). However, these cases 
are not found in scientific journals. A range of symptoms including dizziness, headaches, and 
sleep disturbance, were reported by these people. The researcher (Pierpont) suggested that the 
symptoms were related to wind turbine noise, particularly low frequency sounds and infrasound, 
but did not investigate the relationships between noise and symptoms. It should be noted that 
no conclusions on the health impact of wind turbines can be drawn from Pierpont’s work due to 
methodological limitations including small sample size, lack of exposure data, lack of controls and 
selection bias.

• Research on the potential health and safety hazards of wind turbine shadow flicker, 
electromagnetic fields (EMFs), ice throw and ice shed, and structural hazards (see section 2.3). 

A synthesis of the research available on the potential health impacts of exposure to noise and physical 
hazards from wind turbines on nearby residents is found in sections 2.2 and 2.3, including research on 
low frequency sound and infrasound. This is followed by information on wind turbine regulation in 
Ontario (section 3.0), and our conclusions (section 4.0).

2.2. Sound and Noise 
Sound is characterized by its sound pressure level (loudness) and frequency (pitch), which are measured 
in standard units known as decibel (dB) and Hertz (Hz), respectively. The normal human ear perceives 
sounds at frequencies ranging from 20Hz to 20,000 Hz. Frequencies below 200 Hz are commonly referred 
to as “low frequency sound” and those below 20Hz as “infrasound,” but the boundary between them 
is not rigid. There is variation between people in their ability to perceive sound. Although generally 
considered inaudible, infrasound at high-enough sound pressure levels can be audible to some people. 
Noise is defined as an unwanted sound (Rogers et al. 2006, Leventhall 2003).

Wind turbines generate sound through mechanical and aerodynamic routes. The sound level depends 
on various factors including design and wind speed. Current generation upwind model turbines are 
quieter than older downwind models. The dominant sound source from modern wind turbines is 
aerodynamic, produced by the rotation of the turbine blades through air. The aerodynamic noise is 
present at all frequencies, from infrasound to low frequency to the normal audible range, producing 
the characteristic “swishing” sound (Leventhall 2006, Colby et al. 2009). 

2
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Environmental sound pressure levels are most commonly measured using an A-weighted scale. This scale 
gives less weight to very low and very high frequency components that is similar to the way the human 
ear perceives sound. Sound levels around wind turbines are usually predicted by modelling, rather than 
assessed by actual measurements. 

The impact of sound on health is directly related to its pressure level. High sound pressure levels (>75dB) 
could result in hearing impairment depending on the duration of exposure and sensitivity of the individual. 
Current requirements for wind turbine setbacks in Ontario are intended to limit noise at the nearest 
residence to 40 dB (see section 3). This is a sound level comparable to indoor background sound. This 
noise limit is consistent with the night-time noise guideline of 40 dB that the World Health Organization 
(WHO) Europe recommends for the protection of public health from community noise. According to the 
WHO, this guideline is below the level at which effects on sleep and health occurs. However, it is above the 
level at which complaints may occur (WHO 2009). 

Available scientific data indicate that sound levels associated with wind turbines at common residential 
setbacks are not sufficient to damage hearing or to cause other direct adverse health effects, but some 
people may still find the sound annoying.

Studies in Sweden and the Netherlands (Pedersen et al. 2009, Pedersen and Waye 2008, Pedersen and 
Waye 2007, Pedersen and Waye 2004) have found direct relationships between modelled sound pressure 
level and self-reported perception of sound and annoyance. The association between sound pressure level 
and sound perception was stronger than that with annoyance. The sound was annoying only to a small 
percentage of the exposed people; approximately 4 to 10 per cent were very annoyed at sound levels 
between 35 and 45dBA. Annoyance was strongly correlated with individual perceptions of wind turbines.  
Negative attitudes, such as an aversion to the visual impact of wind turbines on the landscape, were 
associated with increased annoyance, while positive attitudes, such as direct economic benefit from wind 
turbines, were associated with decreased annoyance. Wind turbine noise was perceived as more annoying 
than transportation or industrial noise at comparable levels, possibly due to its swishing quality, changes 
throughout a 24 hour period, and lack of night-time abatement.

2.2.1  Low Frequency Sound, Infrasound and Vibration 
Concerns have been raised about human exposure to “low frequency sound” and “infrasound” 
(see section 2.2 for definitions) from wind turbines. There is no scientific evidence, however, to 
indicate that low frequency sound generated from wind turbines causes adverse health effects.

Low frequency sound and infrasound are everywhere in the environment. They are emitted from natural 
sources (e.g., wind, rivers) and from artificial sources including road traffic, aircraft, and ventilation 
systems. The most common source of infrasound is vehicles. Under many conditions, low frequency sound 
below 40Hz from wind turbines cannot be distinguished from environmental background noise from the 
wind itself (Leventhall 2006, Colby et al 2009). 

Low frequency sound from environmental sources can produce annoyance in sensitive people, and 
infrasound at high sound pressure levels, above the threshold for human hearing, can cause severe ear 
pain. There is no evidence of adverse health effects from infrasound below the sound pressure level of 
90dB (Leventhall 2003 and 2006). 

Studies conducted to assess wind turbine noise indicate that infrasound and low frequency sounds from 
modern wind turbines are well below the level where known health effects occur, typically at 50 to 70dB. 
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A small increase in sound level at low frequency can result in a large increase in perceived loudness. This 
may be difficult to ignore, even at relatively low sound pressures, increasing the potential for annoyance 
(Jakobsen 2005, Leventhall 2006).

A Portuguese research group (Alves-Pereira and Castelo Branco 2007) has proposed that excessive long-
term exposure to vibration from high levels of low frequency sound and infrasound can cause whole 
body system pathology (vibro-acoustic disease). This finding has not been recognized by the international 
medical and scientific community. This research group also hypothesized that a family living near wind 
turbines will develop vibro-acoustic disease from exposure to low frequency sound, but has not provided 
evidence to support this (Alves-Pereira and Castelo Branco 2007). 

2.2.2  Sound Exposure Assessment
Little information is available on actual measurements of sound levels generated from wind turbines and 
other environmental sources. Since there is no widely accepted protocol for the measurement of noise 
from wind turbines, current regulatory requirements are based on modelling (see section 3.0). 

2.3 Other Potential Health Hazards of Wind Turbines 
The potential health impacts of electromagnetic fields (EMFs), shadow flicker, ice throw and ice shed, 
and structural hazards of wind turbines have been reviewed in two reports (Chatham-Kent Public Health 
Unit 2008; Rideout et al 2010). The following summarizes the findings from these reviews.

• EMFs

Wind turbines are not considered a significant source of EMF exposure since emissions levels around 
wind farms are low.

• Shadow Flicker 

Shadow flicker occurs when the blades of a turbine rotate in sunny conditions, casting moving shadows 
on the ground that result in alternating changes in light intensity appearing to flick on and off. About 
3 per cent of people with epilepsy are photosensitive, generally to flicker frequencies between 5-30Hz. 
Most industrial turbines rotate at a speed below these flicker frequencies. 

• Ice Throw and Ice Shed

Depending on weather conditions, ice may form on wind turbines and may be thrown or break loose 
and fall to the ground. Ice throw launched far from the turbine may pose a significant hazard. Ice that 
sheds from stationary components presents a potential risk to service personnel near the wind farm. 
Sizable ice fragments have been reported to be found within 100 metres of the wind turbine. Turbines 
can be stopped during icy conditions to minimize the risk.

• Structural hazards

The maximum reported throw distance in documented turbine blade failure is 150 metres for an entire 
blade, and 500 metres for a blade fragment. Risks of turbine blade failure reported in a Dutch handbook 
range from one in 2,400 to one in 20,000 turbines per year (Braam et al 2005). Injuries and fatalities 
associated with wind turbines have been reported, mostly during construction and maintenance 
related activities.
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Wind Turbine Regulation in Ontario
The Ministry of the Environment regulates wind turbines in Ontario. A new regulation for renewable 
energy projects came into effect on September 24, 2009. The requirements include minimum setbacks 
and community consultations. 

3.1 Setbacks
Provincial setbacks were established to protect Ontarians from potential health and safety hazards of 
wind turbines including noise and structural hazards.

The minimum setback for a wind turbine is 550 metres from a receptor. The setbacks rise with the 
number of turbines and the sound level rating of the selected turbines. For example, a wind project 
with five turbines, each with a sound power level of 107dB, must have its turbines setback at a minimum 
950 metres from the nearest receptor.

These setbacks are based on modelling of sound produced by wind turbines and are intended to limit 
sound at the nearest residence to no more than 40 dB. This limit is consistent with limits used to control 
noise from other environmental sources. It is also consistent with the night-time noise guideline of 40 dB 
that the World Health Organization (WHO) Europe recommends for the protection of public health from 
community noise. According to the WHO, this guideline is below the level at which effects on sleep and 
health occurs. However, it is above the level at which complaints may occur (WHO 2009). 

Ontario used the most conservative sound modelling available nationally and internationally, 
which is supported by experiences in the province and in other jurisdictions (MOE 2009). As yet, 
a measurement protocol to verify compliance with the modelled limits in the field has not been 
developed. The Ministry of the Environment has recently hired independent consultants to develop a 
procedure for measuring audible sound from wind turbines and also to review low frequency sound 
impacts from wind turbines, and to develop recommendations regarding low frequency sound. 

Ontario setback distances for wind turbine noise control also take into account potential risk of injury 
from ice throw and structural failure of wind turbines. The risk of injury is minimized with setbacks of 
200 to 500 metres. 

3.2 Community Consultation
The Ministry of the Environment requires applicants for wind turbine projects to provide written 
notice to all assessed land owners within 120 metres of the project location at a preliminary stage 
of the project planning. Applicants must also post a notice on at least two separate days in a local 
newspaper. As well, applicants are required to notify local municipalities and any Aboriginal community 
that may have a constitutionally protected right or interest that could be impacted by the project.

Before submitting an application to the Ministry of the Environment, the applicant is also required 
to hold a minimum of two community consultation meetings to discuss the project and its potential 
local impact. To ensure informed consultation, any required studies must be made available for public 
review 60 days prior to the date of the final community meeting. Following these meetings the applicant 
is required to submit as part of their application a Consultation Report that describes the comments 
received and how these comments were considered in the proposal.

3
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The applicant must also consult directly with local municipalities prior to applying for a Renewable Energy 
Approval on specific matters related to municipal lands, infrastructure, and services. The Ministry of the 
Environment has developed a template, which the applicant is required to use to document project-specific 
matters raised by the municipality. This must be submitted to the ministry as part of the application. The 
focus of this consultation is to ensure important local service and infrastructure concerns are considered 
in the project.

For small wind projects (under 50 kW) the public meeting requirements above are not applicable due to 
their limited potential impacts.
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Conclusions
The following are the main conclusions of the review and consultation on the health impacts of 
wind turbines: 

• While some people living near wind turbines report symptoms such as dizziness, headaches, and 
sleep disturbance, the scientific evidence available to date does not demonstrate a direct causal 
link between wind turbine noise and adverse health effects.

• The sound level from wind turbines at common residential setbacks is not sufficient to cause 
hearing impairment or other direct adverse health effects. However, some people might find it 
annoying. It has been suggested that annoyance may be a reaction to the characteristic “swishing” 
or fluctuating nature of wind turbine sound rather than to the intensity of sound.

• Low frequency sound and infrasound from current generation upwind model turbines are well 
below the pressure sound levels at which known health effects occur. Further, there is no scientific 
evidence to date that vibration from low frequency wind turbine noise causes adverse health effects. 

• Community engagement at the outset of planning for wind turbines is important and may alleviate 
health concerns about wind farms. 

• Concerns about fairness and equity may also influence attitudes towards wind farms and allegations 
about effects on health. These factors deserve greater attention in future developments. 

The review also identified that sound measurements at residential areas around wind turbines and 
comparisons with sound levels around other rural and urban areas, to assess actual ambient noise 
levels prevalent in Ontario, is a key data gap that could be addressed. An assessment of noise levels 
around wind power developments and other residential environments, including monitoring for 
sound level compliance, is an important prerequisite to making an informed decision on whether 
epidemiological studies looking at health outcomes will be useful. 

4
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Glossary
A-weighted decibels (dBA)

The sound pressure level in decibels as measured on a sound level meter using an A-weighted filter. 
The A-weighted filter de-emphasizes the very low and very high frequencies of the sound in a manner 
similar to the frequency response of the human ear. 

Decibel (dB) 

Unit of measurement of the loudness (intensity) of sound. Loudness of normal adult human voice is about 
60-70 dB at three feet. The decibel scale is a logarithmic scale and it increases/decreases by a factor of 10 from 
one scale increment to the next adjacent one.

Downwind model turbines

Downwind model turbines have the blades of the rotor located behind the supporting tower structure, facing 
away from the wind. The supporting tower structure blocks some of the wind that blows towards the blades.

Electromagnetic fields (EMFs)

Electromagnetic fields are a combination of invisible electric and magnetic fields. They occur both naturally 
(light is a natural form of EMF) and as a result of human activity. Nearly all electrical and electronic devices 
emit some type of EMF.

Grey literature

Information produced by all levels of government, academics, business and industry in electronic and print 
formats not controlled by commercial publishing, i.e., where publishing is not the primary activity of the 
producing body. 

Hertz (Hz) 

A unit of measurement of frequency; the number of cycles per second of a periodic waveform. 

Infrasound

Commonly refers to sound at frequencies below 20Hz. Although generally considered inaudible, 
infrasound at high-enough sound pressure levels can be audible to some people.

Low frequency sound

Commonly refers to sound at frequencies between 20 and 200 Hz.

Noise

Noise is an unwanted sound. 

Shadow Flicker

Shadow flicker is a result of the sun casting intermittent shadows from the rotating blades of a wind turbine 
onto a sensitive receptor such as a window in a building. The flicker is due to alternating light intensity 
between the direct beam of sunlight and the shadow from the turbine blades.

Sound

Sound is wave-like variations in air pressure that occur at frequencies that can be audible. It is characterized 
by its loudness (sound pressure level) and pitch (frequency), which are measured in standard units known as 
decibel (dB) and Hertz (Hz), respectively. The normal human ear perceives sounds at frequencies ranging from 
20Hz to 20,000 Hz. 

Upwind model turbines 

Upwind model turbines have the blades of the rotor located in front of the supporting tower structure, similar 
to how a propeller is at the front of an airplane. Upwind turbines are a modern design and are quieter than the 
older downwind models. 

Wind turbine

Wind turbines are large towers with rotating blades that use wind to generate electricity. 
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Appendix 1: List of Documents on Wind Turbines
Journal Articles and Books
Braam HGJ, et al. Handboek risicozonering windturbines. Netherlands: SenterNovem; 2005.

Jakobsen J. Infrasound emission from wind turbines. J Low Freq Noise Vib Active Contr. 2005;24(3):145-155.

Keith SE, Michaud DS, Bly SHP. A proposal for evaluating the potential health effects of wind turbine noise 
for projects under the Canadian Environmental Assessment Act. J Low Freq Noise Vib Active Control. 
2008;27(4):253-265. 

Leventhall G. Infrasound from wind turbines: fact, fiction or deception. Can Acoust. 2006;34(2):29-36.

Pedersen E, Hallberg LR-M, Waye KP. Living in the vicinity of wind turbines: a grounded theory study. 
Qual Res Psychol. 2007;4(1-2):49-63.

Pedersen E, Larsman P. The impact of visual factors on noise annoyance among people living in the vicinity of 
wind turbines. J Environ Psychol. 2008;28(4):379-389. 

Pedersen E, Persson Waye K. Wind turbines: low level noise sources interfering with restoration? Environ Res 

Lett. 2008;3:015002. Available from: http://www.iop.org/EJ/article/1748-9326/3/1/015002/erl8_1_015002.pdf. 

Pedersen E, Persson Waye K. Wind turbine noise, annoyance and self-reported health and well-being in different 
living environments. Occup Environ Med. 2007;64(7):480-6.

Pedersen E, van den Berg F, Bakker R, Bouma J. Response to noise from modern wind farms in The Netherlands. 
J Acoust Soc Am. 2009;126(2):634-43. 

Pedersen E, Waye KP. Perception and annoyance due to wind turbine noise – a dose-response relationship. 
J Acoust Soc Am. 2004;116(6):3460-70.

van den Berg GP. Effects of the wind profile at night on wind turbine sound. J Sound Vib. 2004;277(4-5):955-970. 
Available from: http://www.nowap.co.uk/docs/windnoise.pdf.  

Grey Literature
Chatham-Kent Public Health Unit. The health impact of wind turbines: a review of the current white, grey, and 
published literature. Chatham, ON: Chatham-Kent Municipal Council; 2008 [cited 2010 Mar 5]. Available from: 
http://www.wind-works.org/LargeTurbines/Health%20and%20Wind%20by%20C-K%20Health%20Unit.pdf.

Colby WD, Dobie R, Leventhall G, Lipscomb DM, McCunney RJ, Seilo MT, et al. Wind turbine sound and health 
effects. An expert panel review: American Wind Energy Association & Canadian Wind Energy Association; 
2009 [cited 2009 Dec 21]. Available from: http://www.canwea.ca/pdf/talkwind/Wind_Turbine_Sound_and_Health_
Effects.pdf.

Rideout K, Copes R, Bos C. Wind turbines and health. Vancouver: National Collaborating Centre for Environmental 
Health; 2010 Jan [cited 2010 Mar 5]. Available from: http://www.ncceh.ca/files/Wind_Turbines_January_2010.pdf.  

Wind turbines and Health: a review of evidence. Toronto: Ontario Agency for Health Protection and Promotion; 
2009 [cited 2010 Mar 5]. Available from: http://www.oahpp.ca/resources/documents/presentations/2009sept10/
Wind%20Turbines%20-%20Sept%2010%202009.pdf.

Environmental Protection Agency, Office of Water. Auxiliary and supplemental power fact sheet: wind turbines. 
Washington, DC: Environmental Protection Agency; 2007 [cited 2010 Jan 7]. Available from http://www.epa.gov/
owm/mtb/wind_final.pdf.
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Leventhall G, Pelmear P, Benton S. A review of published research on low frequency noise and its effects. London, 
England: Department for Environment, Food and Rural Affairs; 2003 [cited 2010 Mar 5]. Contract No.: EPG 1/2/50. 
Available from: http://www.defra.gov.uk/environment/quality/noise/research/lowfrequency/documents/
lowfreqnoise.pdf.

Minnesota Department of Health, Environmental Health Division. Public health impacts of wind turbines. 

Saint Paul, MN: Minnesota Department of Commerce, Office of Energy Security; 2009 [cited 2010 Mar 5]. 
Available from: http://energyfacilities.puc.state.mn.us/documents/Public%20Health%20Impacts%20of%20Wind%20
Turbines,%205.22.09%20Revised.pdf.

National Research Council, Committee on Environmental Impacts of Wind-Energy Projects. Environmental 
impacts of wind-energy projects. Washington, DC: National Academies Press; 2007. 

Ontario. Ministry of the Environment. Frequently asked questions: renewable energy approval. 
Toronto: Queen’s Printer for Ontario; 2009. Available from: http://www.ene.gov.on.ca/en/business/green-energy/
docs/FAQs%20-final.pdf. 

Ontario. Ministry of the Environment. Noise guidelines for wind farms: interpretation for applying MOE NPC 
publications to wind power generation facilities. Toronto: Queen’s Printer for Ontario; 2008 [cited 2010 Mar 5]. 
Available from: http://www.ene.gov.on.ca/publications/4709e.pdf. 

Ontario. Ministry of the Environment. Development of noise setbacks for wind farms: requirements for compliance 
with MOE noise limits. Toronto, ON: Queen’s Printer for Ontario; 2009. Available from 
http://www.ene.gov.on.ca/en/business/green-energy/docs/WindNoiseSetbacks.pdf.

Pedersen E. Human response to wind turbine noise: perception, annoyance and moderating factors. Göteborg, 
Sweden: Göteborgs Universitet, Sahlgrenska Acedemy, Department of Public Health and Community Medicine; 
2007 [cited 2010 Mar 5]. Available from: http://gupea.ub.gu.se/dspace/bitstream/2077/4431/1/gupea_2077_4431_1.pdf. 

Pierpont N. Wind turbine syndrome: a report on a natural experiment [pre-publication draft]. Santa Fe, NM: 
K-Selected Books; 2009 [cited 2010 Mar 5]. Available from: http://www.windturbinesyndrome.com/wp-content/
uploads/2009/03/ms-ready-for-posting-on-wtscom-3-7-09.pdf.

Ramakrishnan R (Aiolos Engineering Corporation). Wind turbine facilities noise issues. 
Toronto: Queen’s Printer for Ontario; 2007 [cited 2010 Mar 5]. Report No.: 4071/2180/AR155Rev3. 
Available from: https://ozone.scholarsportal.info/bitstream/1873/13073/1/283287.pdf. 

Rogers AL, Manwell JF, Wright S. Wind turbine acoustic noise: a white paper. Amherst, MA: University of 
Massachusetts at Amherst, Department of Mechanical and Industrial Engineering, Renewable Energy Research 
Laboratory; 2006 [cited 2010 Mar 5]. Available from: http://www.ceere.org/rerl/publications/whitepapers/Wind_
Turbine_Acoustic_Noise_Rev2006.pdf. 

van den Berg F, Pedersen E, Bouma J, Bakker R. Project WINDFARMperception: visual and acoustic impact of 
wind turbine farms on residents: final report. Groningen, Netherlands: University of Groningen; 2008 [cited 2010 
Mar 5]. Published jointly by the University of Groningen and the University of Gothenburg. Available from: 
http://www.wind-watch.org/documents/wp-content/uploads/wfp-final-1.pdf. 

Whitford J. Model wind turbine by-laws and best practices for Nova Scotia municipalities: final report. 
Halifax, NS: Union of Nova Scotia Municipalities; 2008 [cited 2009 Apr 21]. Contract No.: 1031581. 
Available from: http://www.sustainability-unsm.ca/our-work.html. 



14

World Health Organization
World Health Organization, Regional Office for Europe. Night noise guidelines for Europe. Geneva, Switzerland: 
World Health Organization; 2009 [cited 2010 Mar 5]. Available from: http://www.euro.who.int/document/e92845.pdf.

World Health Organization. Occupational and community noise. Fact sheet no. 258. Geneva, Switzerland: World 
Health Organization; 2001 [cited 2010 Mar 5]. Available from: http://www.who.int/mediacentre/factsheets/fs258/en/.

Community Concerns about Health Effects of Wind Turbines
Archives and Collections Society. Some health aspects of wind driven industrial turbines. 
Picton, ON: Archives and Collections Society; c2003-2004 [cited 2010 Mar 5]. 
Available from: http://www.aandc.org/research/wind_community_health.html. 

Gillis L, Krogh C, Kouwen N. A self-reporting survey: adverse health effects with industrial wind turbines 
and the need for vigilance. London, ON: WindVOiCe: Wind Vigilance for Ontario Communities; 2009. 
Available from: http://windconcernsontario.files.wordpress.com/2009/04/windvoice__sept__24__20091.pdf. 

McMurtry R. Deputation to the Ontario Standing Committee on General Government regarding Bill C-150. 
Scarborough, ON: Wind Concerns; 2009 Apr 22 [cited 2010 Mar 5]. Available from: http://windconcernsontario.
files.wordpress.com/2009/04/deputation-to-standing-committee-mcmurtry.pdf

National Wind Watch: presenting the facts about industrial wind power. Rowe, MA: National Wind Watch; 
[cited 2010 Mar 5]. Available from: http://www.wind-watch.org/. 

Wind Concerns Ontario: bringing sanity to wind development in Ontario. Scarborough, ON: Wind Concerns; 
[cited 2010 Mar 5]. Available from: http://windconcernsontario.wordpress.com/.

Conference Papers
Alves-Pereira M, Castelo Branco NAA. Infrasound and low frequency noise dose responses: contributions. 
In: Proceedings of the Inter-Noise Congress; 2007 Aug 28-31; Istanbul, Turkey. 

Alves-Pereira M, Castelo Branco NAA. In-home wind turbine noise is conductive to vibroacoustic disease. 
In: Proceedings of the 2nd International Meeting on Wind Turbine Noise. 2007 Sep 20-21; Lyon, France.

Alves-Pereira M, Castelo Branco NAA. Public health and noise exposure: the importance of low frequency noise. 
In: Proceedings of the Inter-Noise Congress; 2007 Aug 28-31; Istanbul, Turkey. 

Alves-Pereira M, Castelo Branco NAA. The scientific arguments against vibroacoustic disease. 
In: Proceedings of the Inter-Noise Congress. Istanbul; 2007 Aug 28-31; Istanbul, Turkey. 

van den Berg GP. Do wind turbines produce significant low frequency sound levels? In: Proceedings of the 
11th International Meeting on Low Frequency Noise and Vibration and its Control. 2004 Aug 30-Sep 1; 
Maastricht, Netherlands. 
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What is Stray Voltage?
Varying amounts of low-level voltage often exist between
the earth and electrically-grounded farm equipment such 
as metal stabling, feeders, or milk pipelines. Usually, these
voltage levels present no harm to animals. However, if an
animal touches a grounded metal object where these low
voltages are found, a small electric current may pass
through the animal. The voltage that causes this small
current is known as “animal contact voltage,” “stray
voltage” or “tingle voltage.” 

Reported symptoms for dairy cows include: 
• Reluctance to enter milking parlour
• Reduced water or feed intake
• Nervous or aggressive behaviour
• Uneven and incomplete milkout
• Increased somatic count
• Lowered milk production

These symptoms can also be the result of other non-
electrical farm factors such as disease, poor nutrition,
unsanitary conditions or milking equipment problems.
Farmers should consider and investigate all possibilities,
including stray voltage, when attempting to resolve these
symptoms.

What causes Stray Voltage?
Stray voltage can be produced by a wide variety of off-farm
and on-farm sources.

Off-farm sources:
In a properly functioning electrical distribution system,
some voltage will always exist between the neutral system
(ground conductors) and the earth. The level of this
neutral-to-earth voltage (NEV) can change on a daily or
seasonal basis, depending on changes in electrical loading,
environmental conditions and other factors. For safety
reasons, Hydro One’s neutral system is connected to a
farm’s grounding system. While this bond protects people
and animals from shocks caused by faulty electrical
equipment and lightning strikes, it can also result in a 
stray voltage equal to a fraction of the NEV appearing on
grounded farm equipment, such as feeders, waterers, 
metal stabling, metal grates and milk pipelines.

On-the-farm sources:
Poor or faulty farm wiring, improper grounding,
unbalanced farm system loading, defective equipment or
voltages from telephone lines or gas pipelines are all possible
sources of stray voltage.

StrayVoltage
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If you think you have a Stray Voltage problem
Call our Customer Communications Centre at 1-888-664-9376 (Monday to Friday, 7:30 a.m. to 8 p.m.). Your local field
business centre will call you within five business days to arrange an appointment. 

First Site Visit: We’ll meet with you at your
property to perform pre-test inspections,
conduct a site layout and carry out an animal
contact test. 

Second Site Visit: Five to ten business days
after the first site visit, we will return to your
property and install a farm stray voltage
recording device. 

Third Site Visit: Two to three business days
after the second site visit, we’ll remove the
recording device and analyze the recorded data.
We’ll discuss the results of the testing with you
at this time. 

The Ontario Energy Board (OEB) has specified 
that voltage levels of less than 1.0 volt to be of no
concern. If the measured threshold falls below this
level, the investigation will conclude. Nevertheless, if
you choose to purchase a stray voltage filter from us,
we’ll install it at no cost.

If the stray voltage measured is above 1.0 volt, 
we’ll do further OEB-defined testing during a fourth
site visit to determine whether corrective measures
need to be taken by us.

Final Site Visit: If corrective measures were
implemented by us, we’ll return to your property to
conduct final testing to see whether any additional
corrective measures need to be taken by us.
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For more information, go to www.HydroOneNetworks.com/strayvoltage

For additional information on the effects of stray voltage on livestock, 
see the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) website, 
www.omafra.gov.on.ca/english/livestock/dairy/facts/strayvol.htm
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