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ABSTRACT 
 
 

 Green building is a rapidly growing industry.  The residential sector is responsible 
for 21.8 percent of the United States’ energy consumption so an increased penetration of 
the green building industry could affect national energy consumption.  Previous 
willingness to pay studies suggest that buyers are willing to pay a premium for green 
homes.  The presence of a green certification is used as an indicator for sustainable 
attributes in homes built and sold in Colorado between 1999 and 2009.  A hedonic price 
regression model predicts the sale price of the home as a function of home attributes and 
green certification status.  The presence of green attributes fails to statistically affect the 
sale price indicating that, contrary to survey data, buyers may not have a willingness to 
pay for green construction attributes. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Green building has received significant attention because of its potential to reduce 

energy consumption, improve human health, and mediate a building’s adverse effects on 

the environment.  While the exact definition of “green” varies, a green building typically 

has energy, water, and resource-efficient components as well as indoor air quality and 

site management features.  Building green may result in higher construction costs for 

builders.  These extra costs may be recouped through higher sale prices for green homes 

than non-green homes.  Other possibilities for compensation include reduced time on 

market, faster permitting of projects, increased referrals from more satisfied customers, or 

fewer call-back and warranty costs.  This thesis investigates whether consumers pay a 

premium for green homes through higher initial purchase prices. 

Homebuyers may choose green homes because of potential energy savings, 

improved human health, or the good feeling they get from being environmental stewards.  

It can be difficult for a home buyer to discern the greenness of a home through 

observation or real estate information.  For instance, buyers cannot easily verify if non-

toxic finishes and more efficient insulation were used in the construction of the home.  If 

consumers have little ability to distinguish green and non-green homes, the classic 

“lemons” problem may arise where average quality diminishes and the consumer 

assumes that the home has no green attributes (Akerlof 1970).   
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Third-party organizations such as the United States Environmental Protection 

Agency, local Home Builder Associations, and non-profits have developed green 

building standards and certifications for homes that reduce the asymmetric information 

between the builder and the buyer.  Homes that meet the specified requirements are 

certified through the organization.  With the addition of the eco-label certification, 

potential buyers are able to discern which homes have green attributes.   

 This study focuses on new home sales on the Front Range of Colorado between 

1999 and the present.  Built Green Colorado and Energy Star are two well-established 

green home certification programs in Colorado.  The programs have been in existence 

since 1994 and 1995, respectively.  Assuming the green building industry is a 

competitive market with unrestricted entry and exit, green builders would not make 

additional economic profits for building green, but they would cover the costs of 

participation and compliance, possibly through an increased sale price.   

 There exists no definitive estimate of the additional costs of building to the Built 

Green and Energy Star standards.1  In informal conversations with Colorado builders, 

they estimated that the additional costs range from $1,000 to $5,000 per home.  Because 

the programs are voluntary, profit-maximizing builders must receive economic benefits 

significant enough to offset participation costs or they would not participate.  This study 

uses a hedonic price regression to compare sale prices of homes that are certified under 

                                                 
1 Sam Rashkin of the U.S. Environmental Protection Agency mentioned in his 1998 paper that the cost of 
building Energy Star homes is on average $2,500 more than for homes built to standard code requirements.  
According to a phone call with an Energy Star representative, the costs vary depending on existing code 
requirements in the area and available state or federal assistance programs.  In informal conversations with 
Colorado builders, none of them reported using local utility or state government-sponsored grants or 
rebates for building green because they claimed the hassle of applying was not worth the rebate amount.   
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either program to non-certified homes to ascertain if people pay a premium for green 

construction.   

Lack of available data has been the limiting factor for conducting rigorous 

empirical studies on the value of green construction because sufficiently detailed 

information about what green attributes are included in a home is difficult to acquire.  

Lorenz, Truck, and Lutzkendorf (2007) attempted to estimate the value of sustainable 

construction using data collected on home prices in the city of Stuttgart, Germany.  The 

Stuttgart valuation committee’s property evaluations included a two page questionnaire 

addressing the property’s overall quality of equipment and fittings and the extent of 

modernization and maintenance.  Each house was rated on a scale from 0 to 40 for 

quality and 1 to 6 for modernization.  The authors used these variables in a hedonic price 

model to estimate the market value of sustainable construction because a portion of the 

scores was based on attributes typical of green construction such as the quality of 

insulation or window efficiency.  They found that a one point increase in quality 

corresponded to a 2.2 percent increase in sale price and a one point increase in 

modernization corresponded to a 4.2 percent increase in sale price, both significant at the 

one percent level.  The limitation of this study is that the independent variables measure 

many things other than just green construction attributes.  It is impossible to know if the 

increase in sale price from an increase in quality of construction or modernization is due 

to more green attributes or to the quality of interior finishes or the inclusion of modern 

amenities.  The authors admit that a study with more quantitative and precise data on 

specific sustainable aspects including insulation class, efficiency of heating systems, 
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energy demand, life-cycle costs, and share of renewable materials would be more useful 

in determining the value of green construction.   

Other researchers avoid the need for house specific market data by conducting 

non-market valuation studies that estimate the willingness to pay for green attributes 

based on hypothetical choice survey data and stated preferences (Banfi et al. 2008; Farsi 

2008; Forsyth, Haley, and Kozak 1999).  These studies find a significant willingness to 

pay for energy cost savings, environmental benefits, thermal comfort, air quality, and 

noise protection associated with green construction.   

Farsi (2008) estimated the willingness to pay for green attributes using surveys of 

Swiss apartment renters.  Farsi estimated a willingness to pay of 4.2 percent above 

monthly rental rates for improved ventilation, an additional 2.8 percent for enhanced 

window insulation, and 1.5 percent for enhanced façade insulation, all significant at the 5 

percent level.  Banfi et al. (2008) found Swiss apartment renters and home owners were 

willing to pay 8 percent above the reference monthly rental or mortgage cost for 

ventilation systems, 13 percent more for new windows, and 3 percent more for enhanced 

façade insulation, all significant at 10 percent or less.  According to Banfi, these 

willingness to pay estimates are generally higher than the corresponding costs of the 

upgrades.  Forsyth, Haley, and Kozak (1999) found in a British Columbia survey that 67 

percent of people would be willing to pay up to 5 percent more for sustainably harvested 

forest products. 

While these willingness to pay studies indicate people say they value green 

construction attributes, there is concern that people’s surveyed willingness to pay does 
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not accurately reflect actual purchasing behavior (see for example Diamond 1994; 

Desvousges et al. 1993; Dickie, Fisher, and Shelby 1987).  This thesis provides new 

insight into people’s willingness to pay for green construction by evaluating revealed 

preferences using the presence of a green certification as a proxy for unavailable house-

specific green attribute data.  The analysis is also unique in its inclusion of subdivision 

and builder dummy variables that reduce possible omitted variable biases in the 

regression results.  Comparing the market sale prices for certified homes to the prices of 

non-certified homes, controlling for other home attributes, generates an estimate of the 

effect of green construction on single-family home sale prices.   

The study finds that homes certified under the Built Green or Energy Star 

program in Colorado do not sell for significantly different prices than non-certified 

homes.   
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CHAPTER 2 
 
 

GREEN BUILDING AND CERTIFICATION PROGRAMS 
 
 

 This chapter introduces the components of green building and gives an overview 

of the industry as a whole.  A summary of builder perspectives on the green building 

industry and estimated costs are provided.  The chapter closes with a history and outline 

of the voluntary eco-labeling certification programs Built Green Colorado and Energy 

Star homes.  

 
Introduction to Green Building 

 
 
 Green building is a way of designing and constructing a building that reduces its 

adverse effects on human health and the environment throughout the building's lifecycle.  

Green building includes energy efficiency, sustainable material use, water conservation, 

healthy indoor air quality, improved durability, reduced waste, and appropriate land 

preservation components.  A few of these are elaborated on below.  

Energy efficiency is the primary component of green construction.  The 

residential sector consumed 21.8 percent of total national energy, 21 percent of natural 

gas, and 31 percent of end-use electricity in the United States in 2008.2  The residential 

sector is responsible for a corresponding 21 percent of national carbon dioxide emissions 

                                                 
2 Energy Information Administration.  Table 2.1a.  “Energy Consumption by Sector, Selected Years 1949-
2008.”  Viewed at http://www.eia.doe.gov/emeu/aer/pdf/pages/sec2_6.pdf, (July 14, 2009); Energy 
Information Administration. “Natural Gas Consumption by End Use.”  Viewed at 
http://tonto.eia.doe.gov/dnav/ng/ng_cons_sum_dcu_nus_a.htm, (July 14, 2009); Energy Information 
Administration. “Electricity Flow, 2008.” Viewed at http://www.eia.doe.gov/emeu/aer/diagram5.html, 
(July 14, 2009).  
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as of 2007.3  Many attributes affect the energy efficiency of a home.  Some components 

are easily measurable or visible like the efficiency rating of a water heater or the use of 

compact fluorescent lighting.  Other aspects are more difficult to observe such as air 

tightness, appropriate installation of insulation, and the efficiency of windows or doors.  

Some attributes are observable but difficult to quantify including the site placement of the 

home, incorporation of landscaping to reduce heating and cooling costs, and the amount 

of natural daylight in the home.  

Sustainable materials are materials that have recycled content, are made of rapidly 

regenerating materials like bamboo, or use environmentally friendly production methods.  

While these materials may be readily observed, it is difficult for a potential buyer to 

assess the true greenness of their inputs or production methods.   

Green construction also incorporates measures to reduce a building’s impacts on 

occupant health.  According to a 1984 World Health Organization Committee report, 30 

percent of buildings worldwide were the subject of excessive complaints related to indoor 

air quality.4  Sick building syndrome and associated building related illnesses can cause 

headaches; eye, nose and throat irritations; coughing, chest tightness and asthma; nausea, 

allergies, and fatigue.  These symptoms are due to limited ventilation and the 

accumulation of volatile organic compounds from material pollutant emissions inside the 

building, carbon monoxide from poorly vented combustion equipment, or biological 

contaminants including bacteria and molds.  Many of these symptoms are alleviated 

                                                 
3 Energy Information Administration.  “Emissions of Greenhouse Gases Report.”  Viewed at 
http://www.eia.doe.gov/oiaf/1605/ggrpt/carbon.html#residential, (July 14, 2009).  
4 United State Environmental Protection Agency. “Indoor Air Facts No. 4 (revised) Sick Building 
Syndrome.”  Viewed at http://www.epa.gov/iaq/pubs/sbs.html, (July 14, 2009). 
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through green construction methods that ensure non-toxic materials are used, combustion 

units are appropriately vented, and the house has a mechanical ventilation system 

designed to provide adequate and consistent ventilation.   

Green building promotes waste reduction through efficient design, material use, 

and recycling or reusing materials when possible.  According to the Energy Efficiency 

and Renewable Energy Department’s Buildings Energy Data Book of 2008, two to seven 

tons of waste, or approximately four pounds of waste per square foot, are generated 

during the construction of a new single-family detached house.  Fifteen to seventy pounds 

of hazardous waste such as paint, caulk, roofing cement, aerosols, solvents, adhesives, 

oils, and greases are generated per home.  Construction, renovation, and demolition waste 

account for 24 percent of the municipal solid waste stream while it is estimated that as 

much as 95 percent of this waste could be recycled.5  Green building incorporates 

construction practices that reduce waste generation.  

 
Green Building Industry and Builder Perspectives 

 
 
 Green building has been a rapidly growing industry and continues to increase its 

market penetration through the recent housing market downturn.  A 2008 survey by 

McGraw-Hill Construction, a research company that conducts market analyses and 

forecasts, estimated that green building would generate between $12 billion and $20 

billion in sales for 2008, amounting to a 6 to 10 percent share of new home starts.  This is 

an increase from $7 billion in home sales and a 2 percent share in 2005.  The top states 

for the number of green construction projects are Texas, Florida and Colorado (McGraw-
                                                 
5 Viewed at http://buildingsdatabook.eren.doe.gov/, (July 14, 2009).  
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Hill 2008a).  Harvey M. Bernstein, McGraw-Hill’s vice president of industry analytics, 

stated that the higher quality presumed to accompany green building is the key factor 

driving purchase decisions in the current market with its large supply of homes (Jones 

2008).   

 The higher quality aspect of green building is the number one reason cited by 

builders when asked why they choose to build green homes.  The McGraw-Hill 

Construction report found that 95 percent of builders said that creating a better quality 

product that would retain its value longer was a very or somewhat important motive for 

building green.  Next on the list of reasons to build green was “it’s the right thing to do” 

(91%), the top reason in a similar 2006 survey.  This was followed by the opportunity to 

expand business by catering to customers interested in green building, lowering recycling 

costs, and staying ahead of the competition (McGraw-Hill 2008a).  These national survey 

results support the claims from discussions with green builders in Colorado.  In informal 

conversations with twelve green builders from this study, the majority said they build 

green because it is the right thing to do.  The next most common reason was that green 

homes are better constructed homes and higher quality products.  The higher quality 

meant better customer comfort and fewer warranty call backs.  Many of these builders 

construct custom homes in addition to the speculative models included in this study.  

Having more satisfied customers could translate into more referrals for custom homes 

which tend to have higher profit margins than speculative properties.  The third most 

common reason to build green and participate in the certification labeling programs was 

to increase the marketability of their homes and increase builder credibility. 
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 Builders in the McGraw-Hill Construction survey were asked how much 

additional cost they thought was required to build green homes.  The builders that were 

heavily involved in green building on average estimated a 7.5 percent higher incremental 

cost to build green for an average project (McGraw-Hill 2008a).  This estimate is much 

higher than the estimated cost from the Colorado green builders.  In informal 

conversations, the Colorado builders estimated that a home would cost $1,000 to $5,000 

more to build to the Energy Star or Built Green program standards, or about a 0.2 to 1 

percent increase for the average home price in the study.   

 The McGraw-Hill Construction survey also asked builders what they thought 

were the biggest challenges facing the green building industry.  Builders mentioned lack 

of consumer willingness to pay, higher first cost, and overall economic conditions most 

frequently (cited by more than 80 percent of respondents).  Lack of education about green 

building (72%), lack of awareness about green products (72%), and codes, ordinances 

and regulations (67%) were the next most frequently cited challenges (McGraw-Hill 

2008a).  These findings support the interviews conducted with green builders in Colorado 

who said that consumers may be slightly interested in green products, particularly people 

with concerns about indoor air quality for the sake of their children, but that consumers 

were not willing to pay a premium for green homes.  All of the builders interviewed said 

they did not think they received a premium for their certified homes.  They thought, 

however, that the certification might affect a buyer’s decision on the margin when 

deciding between two otherwise similar homes.  Builders said that people consider 

location, schools, floor plans, and many other aspects long before considering green 
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attributes or energy efficiency in their home selection process.  Of those consumers that 

do choose to purchase green homes, McGraw-Hill found that they are primarily 

motivated by operational cost savings through lower utility bills followed by improved 

health (McGraw-Hill 2008b).   

When considering the purchase of a green home, it can be difficult for potential 

buyers to discern green attributes.  They can count bedrooms or measure lot sizes but it 

can be difficult to estimate potential operational cost savings or reduced effects on human 

health.  Acquiring more information about the green characteristics could require 

significant time, cognitive abilities, money, or may simply be impossible for a potential 

buyer to obtain with certainty.  Third-party labeling of green homes simplifies the 

information gathering process for potential consumers and avoids the “lemons” problem 

of decreasing quality trends or the elimination of a market completely due to incomplete 

information.   

 
Green Home Certification Programs 

 
 
 Guidelines for what constitutes a green home have been developed by numerous 

organizations across the country.  There are currently over 30 state and city wide 

certification programs and 4 national programs, the most prominent being the national 

U.S. Green Building Council’s (USGBC) Leadership in Energy and Environmental 

Design (LEED) program.  These organizations establish requirements for a home to be 

certified green and include a third-party assessment process that ensures the standards are 

met.  Certification programs provide potential consumers with information on the green 
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attributes of the home, many of which are not readily visible.  Better labeling of a home’s 

components and third-party verification, like displaying a refrigerator’s expected annual 

energy use, allows home buyers to make informed purchasing decisions.  When able to 

distinguish between green and non-green homes, buyers can opt to pay a premium for 

green homes if they value these characteristics.   

Some certification programs have requirements encompassing multiple aspects of 

green construction while others have only energy efficiency standards.  Consumers may 

value a holistic green certification differently than one with exclusively energy efficient 

requirements.  Any differences in consumer preferences could, in principle, be evaluated 

by comparing the effects on sale price for homes certified under different programs.  

The Colorado Front Range is chosen for this study because it has well established 

programs of both types: Built Green Colorado incorporates standards for a variety of 

green building components while Energy Star Homes focuses only on energy efficiency.   

 
Energy Star Homes 
 
 Energy Star Homes is a component of the Energy Star certification program 

managed jointly by the Environmental Protection Agency and the Department of Energy.  

The Energy Star program is an informational and branding campaign with the mission of 

promoting the purchase of energy efficient products and buildings by simplifying 

consumers’ identification of them.  The program began certifying energy efficient office 

equipment in 1992 and added homes to the growing list of certified items in 1995.  

Energy Star’s annual report said that 120,000 homes were certified in 2007, accounting 

for 12 percent of new housing starts nationwide with over 5,000 builders participating.  
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Since its inception, over 840,000 homes have been certified.6  The number of homes built 

to Energy Star standards and the associated market penetration rates of new home sales 

for Colorado are shown in Table 1.   

 
Table 1.  Market Penetration of Energy Star in Colorado New    
 Homes since 2004.7 

 Number of Energy Star homes per year   
Select Regions 2004 2005 2006 2007 2008 2009a 
Boulder 52 108 100 179 136 24 
Denver-Aurora 554 1,491 1,387 761 1,059 170 
Fort Collins - Loveland 206 331 285 203 273 86 
Other 803 194 438 559 688 126 
Total Energy Star certified homes 1,615 2,124 2,210 1,702 2,156 406 
       
Total estimated home  
completions statewide 38,145 37,571 28,422 19,203 11,124 1,254 

Colorado new homes market 
penetration of Energy Star  4.2% 5.7% 7.8% 8.9% 19.4% 32.4% 
a First quarter 2009 data only.  Data prior to 2004 are not available. 

 

Energy Star Homes is a certification program that focuses solely on energy 

efficiency requirements.  For a home to be certified under the Energy Star program, it 

must be at least 15 percent more efficient than the average home built to code in its 

climate region.  To evaluate a home’s energy efficiency, a Home Energy Rating System 

(HERS) index is used.  The HERS index was established by the Residential Energy 

Services Network and consists of software that evaluates home attributes such as square 

footage, window efficiency, types and amounts of insulation, lighting systems, and 

heating and cooling units used.  The program generates a score for the home between 0 
                                                 
6 Environmental Protection Agency.  “Energy Star and other climate protection partnerships: 2007 Annual 
Report.” Viewed at 
http://www.energystar.gov/ia/partners/publications/pubdocs/2007%20Annual%20Report%20-
%20Final%20-11-10-08.pdf (August 19, 2009).  
7 Data are from the Governor’s Energy Office of Colorado,  “Colorado Energy Star New Homes Program – 
Quarterly Performance Report.”   
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and 100 where 100 is the energy consumption of the HERS Reference Home (a home 

built to the 2006 International Energy Conservation Code requirements) and 0 is a home 

with net-zero energy use.  Each one-point decrease in the HERS Index corresponds to a 

one percent reduction in energy consumption compared to the HERS Reference Home.  

The Energy Star program requires homes to achieve a HERS rating of 85, corresponding 

to a 15 percent efficiency improvement over the reference home.   

The benefit of using the HERS index for program compliance is there are no set 

requirements.  A large home with expanses of decorative, low efficiency windows can 

compensate by installing higher efficiency furnaces or more insulation.  The calculation 

and verification of the HERS score must be conducted by a trained third-party inspector 

and costs on average $300 to $700 per home.8  This is a costly and laborious way of 

reaching certification, so in response to builders’ requests, in 1998 the Energy Star 

program adopted set requirements to simplify certification.  The Builder Option Package 

(BOP) is a list of region-specific requirements for certification.9  The requirements were 

selected with the expectation that the majority of homes would achieve a HERS score not 

to exceed 85, comparable to the original certification requirements.   

Almost all Energy Star homes are inspected by a third-party organization to 

ensure that the BOP requirements are attained or that the home achieves a HERS score of 

no greater than 85.  For larger builders, there is an option to conduct random inspections 

of a subsample of their homes.  Their first three homes in the program must be inspected 

                                                 
8 Residential Energy Services Network, Inc.  “National Average Cost of Home Energy Ratings.”  Viewed 
at www.resnet.us/hotnews/Report_on_Cost_of_Ratings.pdf (April 20, 2009).   
9 See Appendix A for a copy of the Colorado specific Builder Option Package requirements.   
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and 15 percent of the remaining homes are randomly chosen.  If a home fails, all homes 

must be inspected from then onward.   

 
Built Green Colorado 
 
 Built Green Colorado is a voluntary, industry-sponsored program created through 

the joint efforts of the Home Builders Association (HBA) of Metro Denver, the Colorado 

Governor’s Office of Energy Management and Conservation, Xcel Energy, and E-Star 

Colorado.  Built Green Colorado was established in 1994 and has certified over 36,000 

homes throughout the state.  Funding for Built Green comes from builder fees and 

industry sponsors.  The mission of Built Green Colorado is to encourage home builders to 

use technologies, products, and practices to create homes that are better built and are 

better for the environment.  It is one of the first green building programs in the United 

States and has been adopted by other states including Washington and Oregon.   

To become a Built Green builder, a company must register with the program and 

send two representatives to attend Built Green University, a day-and-a-half event that 

focuses on how to meet the requirements of the program and introductory building 

science.  Each company has to register with the program annually at a cost of 

approximately $150 per year plus pay $40 per home registered with the program. 

To have a home certified under Built Green, it must receive 75 points from the 

Built Green Checklist of qualifying attributes.10  Energy Star and Built Green both 

require that homes are 15 percent more efficient than a home built to the International 

Energy Conservation Code of 2006, but they have different paths to achieve that.  

                                                 
10 See Appendix B for a copy of the Built Green checklist.   
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Furthermore, Built Green incorporates standards for health and safety, material 

efficiency, water conservation, and durability that are not included in the Energy Star 

standards.  Each category has a minimal requirement that must be met and then additional 

upgrades go towards the 75 points required for certification.  For instance, each home is 

required to have a high efficiency furnace or boiler for heating that awards 6 points 

towards the 75 required.  Installation of an Energy Star programmable thermostat is an 

upgrade option that awards an additional 1 point.   

Each item claimed on the checklist to meet the 75 minimum points must be 

substantiated through reports, letters, spec sheets, photos, field inspection, or other 

documentation.  The Built Green program requires that at least one home annually from 

each builder is fully inspected and tested by the program, and no less than 5 percent of a 

builder’s portfolio of Built Green homes must be randomly inspected and verified.  The 

remaining 95 percent can pass without onsite verification but with all the required 

documentation.  Both Built Green and Energy Star use the same third-party verifiers to 

conduct inspections, including an insulation inspection and blower door and duct 

pressurization tests that evaluate the air tightness of the home and ductwork. 

A marketing research firm that evaluated the success and market penetration of 

the Built Green program in 2006 found that 46 percent of all new home buyers are aware 

of Built Green and 21 percent considered Built Green in their new home purchase 

decision.  If buyers first learned of Built Green from builders and their sales offices they 

were more likely to be influenced.  In 2006, Built Green’s market share reached 23 
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percent of new home starts in the metro Denver area and 12 percent statewide with 167 

builders participating.11  

 As of March 2009, the Colorado Built Green program entered a period of 

“intermission.”  According to their website,  

“Built Green Colorado cannot afford to operate under its current structure and in 
its current form . . . No home registrations will be accepted after May 31st, 2009.  . 
. . Built Green Colorado has been and will continue working hard during this 
‘intermission’ to identify how it can best serve the green and energy efficient 
building community going forward.  . . . The HBA and Built Green leadership 
team is highly hopeful that, at some point in the near future, the credibility and 
value that has accrued to Built Green Colorado can continue to serve the needs of 
the industry.”12 
 

The Denver Home Builders Association’s financial manager indicated that the program 

was sold to the employee who was previously primarily responsible for managing the 

program, so the Home Builders Association is no longer involved.  

 

                                                 
11 Built Green Colorado e-News, January 2007, Vol. 2 Issue 1.  Viewed at Built Green’s Website 
http://www.builtgreen.org/news/enews/2007/2007-01.htm, (July 30, 2009).  
12 Built Green letter to stakeholders, March 20, 2009.  Viewed at 
http://www.builtgreen.org/Built_Green_Enters_Time_of_Transition.pdf  viewed (July 30, 2009).  
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CHAPTER 3 
 
 

VOLUNTARY ECO-LABELING 
 
 
 This chapter discusses the effects of voluntary product labeling programs on 

market outcomes.  An introduction to the economic implications of eco-labeling is 

provided as well as a review of studies conducted on the effectiveness of particular eco-

labeling programs.   

 
Definition and Economic Theory of Eco-labeling 

 
 
 The efficiency of markets generally relies on the unimpeded and costless flow of 

full information between market participants.  Effective product labeling can potentially 

reduce information asymmetries between buyers and sellers by making the information 

held by the firm also available to the consumer.  Removing the information asymmetry 

allows consumers to make rational, utility maximizing decisions, thereby potentially 

eliminating the market inefficiency.   

 Eco-labeling is the labeling of products and materials to indicate how they have 

been produced, their impact on the environment, their energy consumption, or their 

effects on human health.  Eco-labeling has been touted as a promising market-based 

approach to improve the environmental performance of products through consumer 

choice.  Eco-labeling enables potential consumers to respond to the green attributes of a 

product and thereby influence company decisions concerning the energy efficiency or 

other environmentally desirable characteristics of their products.  Without effective 
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labeling, end-use consumers may inherit suboptimal energy efficient technologies 

because builders would have incentives only to focus on upfront costs rather than 

lifecycle costs (Carlsmith et al. 1990).  

 An information asymmetry regularly exists between builders and potential buyers 

of new homes, particularly for information related to the home’s green attributes.  A 

buyer can assess a floor plan or house size more readily than what type of insulation was 

installed, if the wood was sustainably certified, or if toxin-free finishes were used.  The 

seller may benefit if he is able to relay more complete information to the buyer through 

labeling or other methods.   

Akerlof’s (1970) classic paper on asymmetric information introduces the problem 

of incomplete information and the possible market failure that can result.  Similar to 

builders in the market for homes, sellers of used cars have more complete information 

about their vehicle’s quality attributes than the buyers.  When buyers lack full 

information, they rely on market statistics to estimate the quality of the particular good.  

Adverse selection occurs because producers have no incentive to produce goods above 

the average, causing the average quality of goods on the market to deteriorate.  This in 

turn causes prices to fall and the quality to fall further.  In the end, no market for the good 

may exist.  The market has failed because there may be willing buyers and sellers of 

higher quality goods that would engage in exchange if they had access to more complete 

information about the quality of the particular item.   

 Milgrom’s (1981) model of information and disclosure suggests that people 

assume the worst about information that is not disclosed, making it generally beneficial to 
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disclose all information, even if detrimental.  Following from Milgrom’s theory, home 

buyers would assume the worst for homes that are not certified, that is, that they have no 

green attributes.  

Market inefficiencies can also occur with boundedly rational consumers.  Even if 

consumers have all the necessary information, their ability to maximize utility can be 

limited by their cognitive ability and finite amount of time available for analyzing 

consumption decisions (Simon 1957).  In the case for homes, even if buyers can gather 

all the information about a home’s attributes, possibly at a high time or money cost, they 

may not have the cognitive ability to transform that information into net present values, 

lifecycle costs, energy savings, health savings, or increased utility of other forms.  Due to 

their limitations, consumers use the information available to them to make a satisfactory 

decision instead of necessarily the optimal one.   

Caswell and Mojduszka (1996) argue that labeling becomes more valuable as the 

difficulty for the consumer of overcoming information asymmetries increases.  Many 

aspects of green homes are credence attributes for which the seller has complete 

information but the buyer cannot discern that information with certainty even after 

purchase and use of the good.  Examples of green construction credence goods are 

whether timbers used for construction were purchased from sustainably managed forests 

or if finish materials are toxin-free.  Gathering information on credence goods is very 

costly so home eco-labeling can be particularly valuable to the consumer.  The third-party 

verification associated with many voluntary certification eco-labeling programs also 

reduces uncertainties of false advertising of the credence good attributes.   
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Builders that participate in voluntary green building certification programs avoid 

the adverse selection and lowering average quality problem by providing more complete 

information to distinguish their energy efficient or green home from another company’s 

traditional home.  If there are buyers that desire green attributes and are willing to pay a 

premium, then builders can be rewarded through a price premium for their homes.  

Labeling protects green builders from having prices undercut by less expensive, but also 

less green homes.   

 
Effectiveness of Eco-labeling 

 
 
 In order for eco-labels to affect market outcomes, at least some consumers must 

prefer the environmental amenities and respond to the information presented on the eco-

labels by purchasing the labeled good.  While the widespread use of eco-labels suggests 

they are effective, there is little quantitative research on eco-labeling’s impact on 

consumer behavior and whether eco-labeled products receive price premiums.   

 Much of the research on eco-labels measures their effectiveness by estimating 

consumer awareness of the label (Banerjee and Solomon 2003; Egan and Brown 2001) or 

by asking consumers if labels would affect their purchasing decision (Egan and Brown 

2001; Chase and Smith 1992).  Awareness does not necessarily mean a change in 

behavior and consumers do not always purchase what they claim they would, so these 

measurements of labeling effectiveness may not accurately measure the true market 

effect of the labels (Egan and Brown 2001). 
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 A qualitative study on the effectiveness of the Energy Star homes label found that 

though consumers generally associated the Energy Star logo with energy efficiency, they 

had difficulty understanding the different energy efficient designs and features.  

Furthermore, they viewed energy efficiency as an expensive sacrifice.  The study found 

that marketing Energy Star homes as a money-saving option in the long run with higher 

resale values and greater comfort could increase the label’s impact on purchasing 

decisions (Werling et al. 1998).   

 There has been a limited amount of quantitative research on the market effects of 

eco-labeling with regards to organic fabrics labeling, dolphin safe tuna products, and 

genetically modified organism (GMO) labeling for milk products (Nimon and Beghin 

1999; Teisl, Roe, and Hicks 2002; Kiesel, Buschena, and Smith 2005, respectively) but 

quantitative research on eco-labeling of homes is very limited.  Some studies have 

investigated the impacts of energy efficiency labeling of specific home appliances.  

Marbek Resource Consultants Ltd. (1984) studied the impact of Canada’s Energuide 

appliance labeling program that displays the average monthly energy use for each model 

of the six major home appliances.  One of the program goals is to provide more 

information to the consumer to enable them to make rational, lifecycle cost choices when 

purchasing energy using devices.  Marbek Resource Consultants Ltd. found that although 

the program was very successful in reducing energy use of the appliances, it was not 

because of the information provided to consumers.  In fact, consumers were only 

minimally influenced because over half of the consumers did not recognize or use the 

Energuide labels when making purchasing decisions.  Instead, the program influenced the 
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behavior of manufacturers who acted in the absence of consumer behavior and 

independently eliminated many of the most inefficient models from the market.    

 A study by Feldman and Tannenbaum (2000) on Energy Star labeling of 

refrigerators in Wisconsin found that approximately three in ten consumers noticed the 

label in their shopping.  Of those who noticed the label, one in two reported that it at least 

somewhat influenced their purchase.  Thus, only one in six purchasers actually noticed 

and was somewhat influenced by the label indicating only a slight effectiveness of the 

program.   

 The only report focusing specifically on whole-house labeling is a market 

aggregate summary of certified green home sales in King County, Washington.  The 

Northwest Multiple Listing Service that covers the Seattle and King County area includes 

a check box to indicate if the home was certified under the Built Green Washington 

program (modeled after the Built Green Colorado program), the EPA’s Energy Star 

homes program, or the USGBC’s LEED program.  A real estate agency, GreenWorks 

Realty, compiled the average sale price, square footage, and days on market for new 

home sales in King County from September 2007 through May 2009.  By comparing the 

average sale price of the homes certified by one of the three voluntary programs to the 

average price of the non-certified homes, they estimated that certified homes sell for 2.6 

percent more than non-certified homes.  They also found that the median days on market 

for certified homes is 10.3 percent less than for non-certified homes (58 days for non-

certified homes and 52 days for certified homes).  The average size of the certified homes 

was 25.9 percent smaller (1,779 square feet compared to 2,400 square feet for non-



24 
 

certified homes) so the price per square foot of certified homes was 38.5 percent greater 

than for non-certified homes (GreenWorks 2009).  The study was based on 4,188 non-

certified homes and 1,129 certified homes sold with average prices of $457,823 and 

$469,950, respectively.  The report, however, did not include any empirical analysis to 

determine if the price differential is attributable solely to the green construction methods 

rather than differences in other home attributes.   

 In contrast, this study quantitatively evaluates the market effect of the green home 

labeling programs in Colorado while controlling for other home attributes to determine if 

green constructed homes receive a price premium over non-green homes.   

 



25 
 

CHAPTER 4 
 
 

THEORY 
 
 

This chapter describes the economic theory used to investigate whether green 

homes sell at higher prices than non-green homes.  Household production theory is 

presented as the economic foundation for the hedonic pricing method.  A detailed 

mathematical examination of the hedonic pricing method is then provided.   

 
Household Production Theory 

 
 

Kelvin Lancaster’s (1966) household production theory provides a method of 

modeling homes as a single commodity differentiated by the amounts of characteristics 

each home contains.  Lancaster posits that consumers derive utility not from the 

commodity itself but from the characteristics possessed by the commodity.  When a home 

is the commodity of interest, people make their purchase decisions by evaluating which 

set of available home characteristics would maximize their utility given the choices 

available on the market.  The characteristics of the home valued by the consumer can 

include location, number of bedrooms, or the home’s green attributes.  Different 

combinations and quantities of characteristics provide different levels of utility.  

Producers similarly incur costs that depend on the characteristics provided.  The 

interaction of consumers and producers in the market for differentiated products 

determines the hedonic price schedule that is formally outlined by Sherwin Rosen (1974) 

and developed in the following section.  
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Home buyers may receive utility from green homes for various reasons.  Financial 

savings from reduced energy consumption is a possible monetary benefit.  Homes 

certified under Built Green or Energy Star must use 15 percent less energy than a typical 

home.  According to the Bureau of Labor Statistics, the average Western region resident 

spends a combined $1,680 on electricity, natural gas, and other residential fuels 

annually.13  A 15 percent decrease in energy consumption amounts to annual savings of 

approximately $252.   

Home buyers may value green characteristics because of possible human health 

benefits.  There have been no quantitative studies of the effect of green construction on 

reducing health related expenditures but people who are risk adverse, more susceptible to 

illness and disease, or who have children may be particularly willing to pay a premium 

for potentially healthier homes.  

Other green home buyers gain utility from knowing that they are protecting the 

environment by supporting waste reduction, energy and water efficiency, and appropriate 

material use.  Green homes also appeal to some consumers because of the alternative 

finish materials and designs occasionally used, or the associated “bragging rights.” 

Regardless of the source of utility, it is reasonable to suspect that some people 

have a positive willingness to pay for green attributes in homes.  Many green attributes 

are not readily visible to potential home buyers so they may rely on a green certification 

to signal the presence of green attributes.  If consumers pay a premium for certified 

homes, then it suggests they have a positive willingness to pay for green attributes.  

                                                 
13 Bureau of Labor Statistics, “Consumer Expenditure Survey, 2007.  Annual average expenditures and 
characteristics by region of residence.” Viewed at http://stats.bls.gov/cex/2007/Standard/region.pdf, July 
2009. 
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Calculating the effect of certification on home sale prices provides an estimate of 

people’s valuation of green construction. 

 
Hedonic Price Theory 

 
 

Rosen (1974) mathematically formalized Lancaster’s household production 

theory by decomposing the utility or value of a good into the value of each of its 

characteristics through hedonic pricing theory.  According to Rosen, “hedonic prices are 

defined as the implicit prices of attributes and are revealed to economic agents from 

observed prices of differentiated products and the specific amounts of characteristics 

associated with them” (Rosen 1974, pg. 34).  Attributes of a home can include location, 

size, architecture, energy consumption, and whether it is built with green attributes like 

no volatile organic compound paints or recycled flooring.   

Following Rosen’s development, suppose each home has a vector of attributes z = 

(z1, z2, . . . , zn) where zi measures the amount of the ith characteristic possessed by the 

particular home in question.  It is assumed that a variety of alternative characteristic 

combinations are available on the market.  The price of a home, p, is a function of its 

attributes,   

p(z) = p(z1, z2, . . . , zn).  

The market price, p(z), is ultimately determined by the equilibrium conditions of utility-

maximizing consumers and profit-maximizing competitive firms.   
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 Consider the utility-maximizing consumer first.  Define each zi to be a “good” 

with positive marginal value so that  p(z) is increasing in all zi.  Assuming that a buyer 

purchases only one home, his utility function is  

 U(x, z1, z2, . . . , zn), 

where x is a composite numeraire good.  Assuming income equals expenditures, then 

income y equals the quantity of x consumed plus the price of the home with attributes z,   

 y = x + p(z). 

Each consumer maximizes his utility subject to a budget constraint by choosing optimal 

levels of x and z1, z2, . . . , zn.  The Lagrangian for this objective function is 

 L =  U(x, z1, z2, . . . , zn) + λ(y – x – p(z)). 

The first order conditions imply the standard equilibrium conditions that the marginal rate 

of substitution between any two characteristics must equal the respective marginal price 

ratios, 
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 Define a consumer’s value function to be the expenditure a consumer is willing to 

make for alternative values of z with a given utility level u and income y,  

(2) θ(z1, z2, . . . , zn; u, y). 

The bid function is defined implicitly by  

 U(y – θ, z1, z2, . . . , zn) = u. 

The consumer’s optimal utility (u*) is now a function of good attributes and income.  
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Differentiating equation (2) with respect to zi generates the following first order condition 

(3) 0>=
x

z
z U

U
i

i
θ  by structure of z and x, ∀  i, j = 1, . . . , n. 

From first order conditions (1) and (3), optimization requires that the marginal bid for an 

attribute equals its marginal price, 
ii zz p=θ . 

 From the production side, the firm must choose how many units to produce and 

with what combinations of attributes.  The total cost of production depends on the 

attributes z, the number of homes produced, and inherent cost shifters.  Cost shifters, as 

described by Rosen, are the underlying factor prices, technology, and other production 

costs.  The total cost can be represented by C(M, z, β) where M is the number of units 

produced with vector of attributes z, and β is the vector of firm specific technologies and 

factor prices.  Profits are therefore  

 π = M · p(z) – C(M, z, β),  

where p(z) is the competitive market price faced by the price taking firm.  The first order 

conditions for the firm are 

 πzi = M · pzi (z) – Czi(M, z, β) = 0 for all i, and 

 πM = p(z) – CM(M, z, β). 

The first requires that the amount of product attributes be chosen so that the marginal 

price of each attribute is equal to the attribute’s marginal cost per unit of production.  The 

latter requires that the output level is chosen so that the product price equals the marginal 

cost of one additional unit.  Rosen transformed the profit maximization formulation into 
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an offer function φ(z, π, β) where φ is the unit price a producer will accept for a product 

with characteristics z to yield profits π given producer attributes β.   

 The market equilibrium price function, p(z), is determined by the interaction of 

heterogeneous consumers’ bid functions and heterogeneous producers’ offer functions.  

Consumers would like to pay the lowest bid to maximize their utility and producers 

would like to receive the highest offer to maximize their profits.  Equilibrium occurs 

where the two functions are tangent.  For simplicity in the following chapter’s analysis, it 

is assumed that the attribute zi has a constant marginal price,
izp .  Figure 1 graphically 

displays the generation of the price function through the interaction of consumers and 

producers.   

 

 
Figure 1.  Generation of the Price Function in Hedonic Equilibrium. 
θ1 and θ2 represent two different consumer’s bid functions,  φ1 and φ2 represent two 
different producer’s offer functions.  It is assumed that each attribute has a constant 
marginal price.  
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 The analysis in this thesis estimates the marginal price, 
izp , for each home 

attribute by evaluating how the observed price changes as the quantity of the attribute 

changes.  This analysis does not attempt to estimate the marginal bid or marginal supply 

function and the associated demand and supply parameters so it is not affected by the 

identification problem highlighted in many hedonic method critiques (see for instance 

Bartik 1987).  
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CHAPTER 5 
 

 
EMPIRICAL MODEL AND DATA 

 
 

This chapter introduces the empirical model used for the regressions in the 

following chapter.  The data collection process and data summary statistics are then 

provided.  Linear probability, probit, and logit analyses are conducted to investigate the 

possible biases in the data.  The chapter concludes with a discussion of data limitations.  

 
Empirical Model 

 
 
 The empirical model is based on the hedonic pricing method discussed in the 

previous chapter and is used to estimate the marginal price, 
izp , for each attribute zi.  The 

objective is to estimate the marginal effect on sale price of certifying a home under the 

green building programs Built Green Colorado or Energy Star, holding other home 

attributes constant.  This evaluation provides an estimate of the market value of green 

construction.  Because the certification attribute of interest is a binary, non-continuous 

attribute, the model can only estimate the effect of the discrete change from zero to one.  

For simplicity, it is assumed that all attributes have constant marginal prices.   

 The hedonic regression for the sale price of home j is a function of the vector of 

House Attributesj and the indicator variable Certifiedj, 

 Sale Pricej   = β +  α ·Certifiedj  + House Attributesj · γ + uj. 

The dependent variable is the sale price of the newly constructed home.  Certifiedj is a 

binary variable equal to 1 if the home was certified under the Built Green or Energy Star 
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program.  The coefficient of interest is α.  Assuming a competitive market and a positive 

valuation for green attributes, α should be positive and approximately of a magnitude 

equal to the additional cost of building to the green standards (estimated to be between 

$1,000 to $5,000 per home).14   

The vector House Attributesj includes variables for Total square feetj, Lot sizej, 

Number of bedroomsj, Number of bathroomsj, and a dummy variable for the year the 

home was sold.  The year dummy variables account for economic fluctuations such as 

changes in real GDP and unemployment rates.15  The House Attributesj vector also 

includes a series of subdivision dummy variables SubDum_Nj  equal to unity if the home j 

was built in subdivision N and builder dummies BuildDum_Mj equal to unity if the home 

j was built by builder M.   

The inclusion of builder and subdivision dummy variables is different from 

previous hedonic studies.  The benefit of this specification is that it reduces omitted 

variable bias.  The builder dummies capture builder specific quality and style differences 

that systematically affect the sale prices of their homes.  Subdivision dummies capture 

how attributes such as school districts, proximities to golf courses or public amenities, 

and view corridors affect sale prices.  It is likely that some of these unobserved 

differences in quality and location are correlated with the presence of the green 

certification.  Many of these home attributes are not accounted for in previous hedonic 

studies and will bias the Certified coefficient if they are correlated with the presence of 

                                                 
14 This is the range of additional cost estimates provided by informal conversations with the builders who 
participated in this study.  
15 Regressions were also estimated using percent change in real GDP from previous year and annual 
unemployment rate in place of the year dummy variables.  The results did not change qualitatively or 
substantively so year dummy variables are used throughout the analysis.  
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the certification.  This model specification allows for the estimation of the difference in 

sale prices for certified homes relative to non-certified homes built by the same builder in 

the same subdivision, therefore controlling for unobserved differences in quality and 

location.   

 
Data 

 
 
 Data from newly constructed single-family home sales on the Front Range of 

Colorado between 1999 and 2009 are used for this analysis.  The data consist of new 

home sales from the counties of Denver, Larimer, Jefferson, Douglas, and Boulder.  The 

actual sales transaction and house attribute data were collected from a variety of sources.   

 
Certified Home Data 
 
 A list of approximately 129 builders was compiled using the lists of participating 

builders on the Energy Star homes and Built Green websites who had built at least one 

home with either program and who built predominantly on the Front Range.  All 129 

were emailed on at least two occasions to ask if they were willing to share which homes 

they had certified.  It was necessary for builders to cooperate because there are no public 

records indicating if a home is certified or not and the Colorado multiple listing service 

does not include it.  Furthermore, both the Energy Star and Built Green program 

managers were unable to provide records of certified properties.  Energy Star does not 

record property addresses of certified homes and the Built Green managers refused to 

provide information to protect the privacy of the program participants.   
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 Of the 129 builders contacted, 32 agreed to participate in the study.  Only 15 of 

these were included in the study because the others did not build speculative, single-

family properties in the counties of interest.  Approximately four of the remaining 97 

companies appeared to be out of business, two said they lacked records indicating which 

homes were certified, and three said they had insufficient time and resources to compile 

the requested information.  The remaining 88 did not respond to either of two email 

inquiries.  

 After determining which builders would cooperate, each county and city 

permitting department was contacted to request a list of single-family properties built by 

the 15 builders since 1999.  Each property address with its corresponding certification 

status, as indicated by the builder, was referenced on the county assessor’s website to find 

sale price, sale date, second sale prices and dates, subdivision, square footage, number of 

bedrooms, number of baths, and lot size.  These data allow a comparison of the sale price 

for certified to non-certified homes for each participating builder, holding other home 

attributes and subdivision constant.  

 
Non-Certified Home Data 
 
 Additional data from non-certified homes were gathered to generate a larger 

sample size for better estimation of the House Attributesj coefficients.  Three methods 

were used to gather data on non-certified homes.  The first was to include non-certified 

homes built by builders registered with the Built Green or Energy Star program.  The 

second was to ask each participating green builder for suggestions of competitors who 

build “similar quality homes, in similar neighborhoods, or for similar price points” as 
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their own.  The third was to conduct searches on the county assessor’s website records by 

subdivision.  The final method generated observations of homes in the same subdivisions 

as the certified units but built by other builders.   

 The builders of these homes were then contacted to confirm that they did not 

participate in the green certification programs.  Three of them did build certified green 

homes but were not on the Energy Star or Built Green websites.  These homes were 

included as certified observations in the data set.  A total of 10 builders confirmed that 

they did not build certified homes.  All data from builders with whom contact was not 

made to confirm certification status were dropped from the sample.  Contact with these 

builders was not possible because they had apparently gone out of business, contact 

information could not be located, or they never responded to phone or email inquiries.  

The final list of non-certified property addresses was cross referenced with the assessor’s 

office records to obtain home attribute and sale information.  

 
Data Summary 
 
 A total of 669 observations were collected.  Of the builders included in the study, 

only 10 out of 29 never built a green home.  The total number of properties built by 

builders with no certified homes is 37 out of 669; a total of 508 properties were built by 

builders who build a mix of certified and non-certified homes; the remaining 124 homes 

were built by builders who had all certified homes.16  Of the 25 subdivisions, 7 had only 

non-certified homes (193 observations), 8 had only certified homes (126 observations), 

                                                 
16 Complete tabulations of certified and non-certified observations by subdivision, builder, and year are 
included in Appendix C.   A table of pairwise correlations of the primary variables and the builders and 
subdivisions with the most observations is provided in Appendix D. 
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and the remaining 25 had a mix of certified and non-certified homes (350 observations).  

The data set contains only some of the sales by each builder and some of the sales from 

within each subdivision so it is not possible to deduce definitively if these builders and 

subdivisions have all certified and non-certified homes outside the data set.    

 In the regression model specification described above, the Certified dummy 

coefficient estimates within-builder-within-subdivision differences in sale prices of 

certified to non-certified homes, holding other home attributes constant.  There are a total 

of 209 homes built by builders who construct a mix of certified and non-certified homes 

within a single subdivision that are used to generate the estimate of the Certified 

coefficient.  Of these 209 observations, 101 are certified homes and 108 are non-certified 

homes.   

 Tables 2 and 3 provide summary statistics of the full sample and by certification 

status, respectively.  Figure 2 presents a map of the subdivisions in the study and the 

corresponding certification statuses of their homes included in the data set.   

 
Table 2.  Summary Statistics from the Full Data Sample. 

 Mean Standard 
Deviation Min Max 

Sale price in 2009 dollarsa $579,268 $250,353 $195,019 $1,810,664 
Built Green certified 0/1 0.324 0.468 0 1 
Energy Star certified 0/1 0.371 0.483 0 1 
Certified Built Green or Energy Star 0/1 0.403 0.491 0 1 
Lot size in square feet 9,299 4,507 2,112 25,696 
Number of bedrooms 3.78 0.861 2 7 
Number of bathrooms 3.23 0.782 1.5 6 
Total square feet 4,123 1,026 1832 7,249 
Total square feet above ground  2,652 727 924 5,304 
Total finished square feet 3,065 1,013 924 6,120 
a All sale prices are adjusted to 2009 dollars using a GDP deflator. 



 

Table 3.  Summary Statistics by Certification Status. 
 Certified Non-certified 

Total Observations of 
Energy Star or Built 
Green homes. 

270 399 

Only Energy Star  
certified homes. 53 

Only Built Green  
certified homes. 22 

Built Green and Energy 
Star certified homes. 195 

N/A 

Variable Meana Standard 
Deviation Min Max Meana Standard 

Deviation Min Max 

Sale priceb 558,983* 297,793 195,019 1,810,664 592,994* 211,637 292,815 1,686,383 
Lot size in square feet 7804*** 4,458 2,112 25,696 10310*** 4,255 2,248 25,412 
Number of bedrooms 3.61*** 0.836 2 6 3.89*** 0.859 2 7 
Number of bathrooms 3.03*** 0.773 1.5 5.5 3.35*** 0.762 2 6 
Total square feet 3,795*** 1,144 1,832 6,859 4,344*** 872 2,060 7,249 
Square feet above 
ground  2,430*** 809 924 4,630 2,802*** 623 1,160 5,304 

Finished square feet  2,804*** 1,110 924 6,118 3,240*** 901 1,590 6,120 
a  *, **, and *** signify that the means of the certified and non-certified populations are statistically different with significance of .1, .05 and .001 
respectively against a two sided alternative.  
b  Sale prices are in 2009 dollars adjusted using the GDP deflator. 
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Figure 2.  Map of 25 Subdivisions with Certification Statuses of Observations. 
 
 
Of the homes that were certified under the Built Green or Energy Star program, 72 

percent were certified under both programs (195 out of 270).  On average, the certified 

homes in the data set have statistically significantly lower sale prices, lot sizes, square 

feet, and numbers of bedrooms and bathrooms.   

 

Certification status of observations.  

100% certified homes 

Mixed certified and uncertified homes 

100% uncertified homes 
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Determinants of Certification Status 
 
 The differences in means of certified and non-certified homes raises concerns that 

there are systematic differences in the two populations and possible correlated omitted 

variables that could bias the Certified coefficient estimate.  To investigate what attributes 

affect the likelihood of a home being certified, linear probability, logit, and probit 

regressions are conducted to estimate the probability of a home being certified given its 

characteristics,   

 Certifiedj =  β + House Attributesj · γ. 

Certifiedj  equals 1 if the home j is certified under Energy Star or Built Green and zero 

otherwise.  The vector House Attributesj includes the unit measurement of the house 

characteristics.  The linear model was used instead of the log of the independent variables 

for simplicity in interpretation.  The regressions did not include the subdivision and 

builder dummies because many builders and subdivisions are prefect predictors of the 

certification status of the home: 22 of the 28 builders construct exclusively certified or 

non-certified homes and 15 of the 25 subdivisions are exclusively certified or non-

certified.  The results of the regressions are displayed in Table 4.  The probit and logit 

results reported are the marginal effects estimated at the means of the variables.   

 The Total square feet, Number of bedrooms, and Number of bathrooms 

coefficients suggest that these attributes are not significant indicators of home 

certification.  The estimates of the coefficient on Lot size indicate that a one unit increase 

in lot size in 1000’s of square feet at the mean results in a 1.39 to 2.17 percent decrease in 

the likelihood of the home being certified.  The size of lots is very similar within 
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subdivisions so by including subdivision dummy variables, this analysis reduces possible 

unobserved differences between certified and non-certified homes.  Overall, these 

regressions suggest there may not be unobserved differences between certified and non-

certified homes that could bias the regression results.   

 
Table 4.  Linear Probability Model, Probit, and Logit Results of Likelihood 
 of Certification Regression. 

 Linear Probability Model Probit Model Logit Model 
Dependent variable Certified Dummy Certified Dummy Certified Dummy 
Observations 669 669 669 
R-squared 0.354 N/A N/A 

Variable  Coefficient Standard 
Error

Coefficient Standard 
Error

Coefficient Standard 
Error

Lot size (in 1000's of 
square feet) -0.0139*** (0.00469) -0.0173*** (0.00579) -0.0217*** (0.00662) 

Number of 
bedrooms 0.00782 (0.0242) 0.0062 (0.033) 0.0127 (0.0355) 

Number of 
bathrooms 0.0167 (0.0313) 0.0259 (0.041) 0.0267 (0.0452) 

Total square feet  
(in 1000's of square 
feet) 

-0.0218 (0.0230) -0.0227 (0.0301) -0.027 (0.0329) 

Year dummies Yes Yes Yes 
Constant 0.846*** (0.117) 0.966** (0.440) 1.628** (0.753) 

 
 

The regressions are run with the inclusion of the year dummy variables but the 

results are not reported because the sample is not representative of actual market 

penetration rates of certified homes in the respective years.  Approximately 49 percent of 

the data set’s homes that sold between 2006 and 2009 are Built Green certified and 62 

percent are Energy Star certified.17  Market research for similar time periods suggests a 

12 to 23 percent market penetration of Built Green and 7 to 32 percent penetration for 

Energy Star statewide.  The estimated year coefficients in the linear probability 

                                                 
17 See Appendix C for observation tabulations by year and certification status.  
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regression are therefore purely representative of the specific data and not the actual 

market effects.   

Conducting the linear probability, logit, and probit regressions using a stratified 

random sample containing a ratio of certified home observations at a level of penetration 

equal to actual market penetration eliminates the problem of inaccurate year dummy 

coefficients.18  Table 5 displays the averaged results for the linear probability, probit, and 

logit regressions each conducted on five different stratified random samples.   

 
Table 5.  Averages of Estimated Coefficients of Regressions    
 on Five Random Stratified Samples. 
 Linear Probability Probit Model Logit Model 
Observations 306 306 306 
R-squared 0.059 N/A N/A 
              

Variable Coefficient Standard 
Error Coefficient Standard 

Error Coefficient Standard 
Error 

Lot size (in 1000's of 
square feet) -0.007 (0.005) -0.007* (0.004) -0.007 (0.010) 

Number of bedrooms 0.007 (0.021) 0.008 (0.020) 0.004 (0.018) 
Number of bathrooms 0.017 (0.030) 0.014 (0.025) 0.021 (0.023) 
Total square feet (in 
1000's of square feet) -0.009 (0.024) -0.003 (0.018) -0.003 (0.017) 

Year 2005 0.019 (0.035) 0.015 (0.041) 0.019 (0.042) 
Year 2006 0.039 (0.041) 0.041 (0.052) 0.041 (0.054) 
Year 2007 0.053 (0.074) 0.072 (0.097) 0.063 (0.099) 
Year 2008 0.170 (0.114) 0.195 (0.150) 0.191 (0.166) 
Year 2009 0.280 (0.197) 0.298 (0.225) 0.298 (0.235) 
* indicates significance at the 10 % level. 

 

The only significant averaged result is the probit coefficient on Lot size which is 

smaller in magnitude than the full sample estimation.  When using the properly stratified 

                                                 
18 See Table 1 in chapter 2 for the annual new home market penetrations of Energy Star homes since 2004.  
It is assumed that the penetration is similar for Built Green because 74% of certified homes participate in 
both programs, so the random sample selected the appropriate number of certified homes, regardless of 
which program they were certified through, as per the Energy Star penetration rates.  Penetration rates are 
not available prior to 2004 so homes built before 2004 were not used in the stratified random sample 
regressions.   
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sample, the year dummies have no significant effect on the likelihood of a home being 

certified.   

 
Comparison of Data to Regional Averages 
 
 The data in this study may be substantively different from average regional new 

home sales.  A report from the Denver-based Home Builders Research firm reported that 

there were 10,473 new home sales in the Denver metro and Boulder counties recorded in 

2007 and 6,639 recorded in 2008 with average prices of $384,400 in December of 2007 

and $393,200 in December of 2008.19  In comparison, the data presented here have 32 

sales in 2007 from counties excluding Larimer with an average sale price of $748,645; 

the average of 32 sales in 2008 is $767,024.  The Home Builders Research firm’s values 

include attached dwellings, whereas this study’s data contain only single-family detached 

units, which generally cost more.  No data were available on regional single-family home 

sales so it is impossible to definitively determine if the data set’s homes are different 

from regional averages.   

 
Data Limitations 
 

A possible limitation with the data is selection bias of the builders who choose to 

participate in the study.  The participating builders have not gone out of business, so 

perhaps their homes on average are less expensive to build, of higher quality, or are 

systematically different in some way than the average home.  Excluding builders who 

have gone out of business may bias the estimates of certification upwards if the bankrupt 

                                                 
19 The Colorado Front Range Housing Market Letter, January 2009. Home Builders Research – Denver. 
David Laffoon, publisher. Viewed at http://lib.store.yahoo.net/lib/yhst-16220646596415/yearendletter.pdf 
(July 31, 2009).  
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builders received smaller premiums for their green homes, causing them to go out of 

business.  There is also the possibility that the builders who have opted to assist with the 

study are systematically different from builders who did not respond.  

To the degree that consumers place a value on green certification as an indicator 

of green attributes, this study’s methodology provides an unbiased estimate of the value 

of green attributes through the inclusion of subdivision and builder dummy variables.  If, 

however, consumers place a value instead on the types of products built by green 

builders, independent of certification, or on the types of subdivisions that have green 

homes, then this analysis will not identify the value of green construction.  

Additionally, if all homes are built with green attributes but only some of them 

are certified, then this study estimates the value of the certification, not the value of the 

green attributes.  For this study to effectively measure the value of green attributes, it is 

assumed that if a home has green attributes then the builder will have it certified.  This 

assumption is reasonable because the marginal cost of certification is small ($40 for Built 

Green or $300-$700 for Energy Star).  The certification would increase builder 

credibility, simplify the marketing of the green attributes, and assist homebuyers in 

determining which homes have green attributes as described in the previous chapters.  
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CHAPTER 6 
 
 

RESULTS 
 
 

Using Rosen’s model of hedonic pricing as described in chapter 4, this chapter 

shows the specific regressions and the resulting estimates of the impacts of Energy Star 

or Built Green certifications on the sale price of homes.  These regressions provide an 

estimate of the market value of green construction.   

 
Whole Sample Regression 

 
 
 Theoretical considerations generally do not dictate the functional form for 

hedonic regression equations, so tests for the empirical appropriateness of a model are 

used in hedonic price studies.  A goodness of fit analysis determines that the natural log 

of the house characteristics is the preferred specification for the independent variables.20  

A Box-Cox test finds that the natural log form is also the most appropriate specification 

for the dependent variable.21  The resulting hedonic price model is 

 Natural log of sale pricej   = β +  α · Certifiedj+ House Attributesj · γ + uj,  

where the Natural log of sale pricej is the natural log of the sale price received for the jth 

newly constructed home.  Prices are adjusted to 2009 dollars using the GDP deflator.22  

Certifiedj is a binary variable equal to unity if the home j was certified under either the 

                                                 
20 See Appendix E for full analysis of the functional form of independent variables.   
21 See Appendix F for a full discussion of the dependent variable specification.  
22 The nominal sale prices were also adjusted using Case-Schiller Real Estate Index deflators but results did 
not change qualitatively or substantively except for coefficients on year dummy variables.  The standard 
choice in hedonic studies is to use GDP deflated prices, so those are used here.   
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Built Green or Energy Star program.23  A positive value for α would indicate that 

consumers value sustainable aspects of homes and pay a premium for their inclusion.  

House Attributesj is a vector of house characteristics for the jth property including Ln of 

total square feet, Ln of lot size, Ln of number of bedrooms, Ln of number of bathrooms, 

and builder, subdivision, and year dummy variables.  Unless otherwise specified, the year 

1999, the Builder 1, and the Subdivision 1 are the base year, builder, and subdivision in 

the regressions.  

 The results of the ordinary least squares regression on the model above are shown 

in Table 6.  A Breusch-Pagan test generates a chi-squared statistic of 212 and a p-value of 

less than 0.000 rejecting the null hypothesis of no heteroskedasticity.24  Therefore, all 

regressions are run robustly using the Huber/White estimator of variance.  

 The coefficient of interest on Certified is -0.00320 and is not significantly 

different from zero (standard error of 0.0178) indicating that certified homes do not 

receive a price premium. 

 
 
 
 
 
 
 
                                                 
23 The regression was run with separate dummy variables Energy Star and Built Green equal to 1 if the 
home was certified under the respective program and zero otherwise.  The estimated coefficients (and 
standard errors) were 0.000273 (0.0611) for Built Green, and -0.00557 (0.0659) for Energy Star, both not 
significantly different from zero.   The variables Built Green and Energy Star have a correlation of 0.76 
because 195 of the 270 certified homes in the data set were certified under both programs.  The correlation 
reduces the available variation and makes it difficult to find statistically significant estimates of the 
independent coefficients.  Regressions including only the Energy Star variable or only the Built Green 
variable were also conducted.  The Energy Star variable had an insignificant coefficient of -0.0053 
(0.0190) and similarly the effect of Built Green was not significant, -0.00453 (0.0176).   
24 See Appendix G for the full heteroskedasticity analysis.   
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Table 6.  Estimation of the Effect of Home Certification on Sale Price. 
Observations 669   
R-squared 0.94   
   
Variable Coefficient Standard Error 
Certified Built Green or Energy Star  -0.00320 (0.0178) 
Ln of lot size 0.166*** (0.0286) 
Ln of number of bedrooms 0.0387 (0.0300) 
Ln of number of bathrooms 0.157*** (0.0313) 
Ln of total square feet  0.491*** (0.0412) 
Constant 7.615*** (0.328) 
   
Model Specification F-statistic P-value 
Builder Dummies? Yes 67.01 0.000 
Subdivision Dummies? Yes 56.61 0.000 
Year Dummies? Yes 24.13 0.000 
*, **, and *** indicate significance at the 10%, 5%, and 1% levels respectively.  

 
 
 The house attribute coefficients have expected signs and reasonable magnitudes:  

Ln of lot size, Ln of total square feet, and Ln of number of bathrooms are all positive and 

significant.  The coefficient of 0.491 on Ln of total square feet suggests that increasing 

total square feet by 10 percent results in a 4.9 percent increase in sale price.25  The 

coefficient of Ln of lot size suggests that a 10 percent increase in the lot size results in a 

1.66 percent increase in the sale price.  The positive and significant coefficient on Ln of 

number of bathrooms indicates that even holding square footage constant, an additional 

bathroom increases the sale price.  The insignificant coefficient on Ln of number of 

bedrooms suggests that additional bedrooms do not significantly affect sale price.  This is 

                                                 
25 Regressions were also conducted using Ln of total square feet above ground or Ln of total square feet 
finished in place of Ln of total square feet but the results did not change substantively.  The regression with 
Ln of total square feet is used because it had a slightly larger R2 value (.940) compared to the regressions 
with Ln of total square feet finished (R2 = .937) and Ln of total square feet above ground (R2 = .936).   
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not surprising because the addition of a bedroom holding total square feet constant results 

in less square footage for other spaces in the home.   

 The builder, subdivision, and year dummy variable groups are each jointly 

statistically significant.  The BuildDum coefficients that are individually statistically 

significant at the one percent level range from negative 1.142 for Builder 21 to positive 

0.319 for Builder 24.  The individually significant SubDum coefficients range from 

negative 1.318 for Subdivision 10 to positive 0.269 for Subdivision 2.  Of the 21 

statistically significant SubDum coefficients, 20 of them are negative.  This negative 

tendency of SubDum coefficients is not surprising because the base Subdivision 1 has 

very expensive homes (mean sale price of $1,195,567, average square feet of 7,720, and 

average lot size of 5,537 square feet).   

 Some combinations of builders and subdivisions are perfectly collinear so 

STATA drops the redundant variables from the regression.26  Perfectly collinear 

subdivision and builder dummy variables are not a concern unless they are also perfectly 

collinear with the Certified variable of interest.  Collinearity could cause the Certified 

coefficient to pick up the effects of the builder, subdivision, and certification.  To test 

whether Certified is perfectly collinear with the dropped variables, the same regression is 

run excluding Certified.  The exact same variables that were dropped originally are 

excluded again, so the source of collinearity is not connected to the variable Certified.   

 There are notable outliers in the data set as shown in Figure 3’s histogram of 

residuals from the regression in Table 6, but the results are not sensitive to the exclusion 

of outliers.   
                                                 
26 See Appendix C for complete tabulations of observations by builder, subdivision and year. 
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Figure 3.  Squared residuals from regression Natural log of sale price  
 on Certified from Table 6.   
The graph shows only the 37 squared residuals greater than 0.05.  The remaining 632 
observations had squared residuals less than 0.05. 
 
 
 Table 5’s results are likely not affected by omitted variable bias because of the 

inclusion of the builder and subdivision dummy variables.  When the regression is run 

without the builder dummies, the Certified coefficient is 0.0120 (standard error of 0.0163, 

not significant); without subdivision dummy variables the coefficient is 0.0343 (standard 

error of 0.0192, significant at 10 percent level); and without subdivision and builder 

dummies the coefficient is -0.0158 (standard error of 0.0283, not significant).  The 

variation in these results suggests that when subdivision and builder dummies are not 

included there are omitted variables that affect the estimates of the Certified coefficient.  
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Analysis by County 
 
 
 A hedonic price schedule estimates the market’s equilibrium prices so it is 

important to correctly define what constitutes the market.  In this data set there are homes 

from a wide range of locations in Northern Colorado that may not realistically be in the 

same market.  Hedonic studies generally consider a particular city or a group of nearby 

cities as a reasonable market (Palmquist, 1991).  The potential problem with pooling data 

across different markets is that the effects of the coefficients may vary by market 

segment.  A pooled regression imposes the restriction that all coefficients are equal across 

markets, that if binding, can generate incorrect coefficient estimates. 

 More reasonable markets than the Front Range are the individual counties.  

Running separate regressions for Boulder County observations and Larimer County 

observations generates coefficients on Certified of 0.0183 (standard error 0.0279, not 

significant) and -0.018 (standard error 0.0293, not significant) respectively.  A regression 

on the remaining counties was not run because the subdivisions are more dispersed and 

less likely to constitute a single market than those in Boulder and Larimer counties.  This 

analysis supports the previous results that certified homes do not sell for a premium 

above non-certified homes.   

 
Analysis by Subdivision 

 
 
 The regressions are also conducted on individual subdivisions.  The only 

subdivisions that have within-subdivision and within-builder variation of the Certified 

dummy variable and more than 25 observations are Subdivision 3 and Subdivision 13.  
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Table 7 shows a breakdown of builders and certification statuses for each subdivision and 

Table 8 displays the summary statistics for each subdivision.  

 
Table 7.  Tabulations of Data from the Two Subdivisions    
 with the Most Observations. 

 Subdivision 3  Subdivision 13  

Builder Certified Non-certified Certified Non-certified 
Builder 8  0 3 - - 
Builder 16  0 1 - - 
Builder 18  43 42 - - 
Builder 20  1 1 - - 
Builder 21  - - 39 43 
Builder 23  8 0 - - 
Builder 25  0 1 - - 
Total Certified,  
Non-Certified 52 48 39 43 

Total Observations 100 82 
Percent Certified 0.520 0.476 



 

Table 8.  Summary Statistics of Data from the Two Subdivisions         
 with the Most Observations. 

 Subdivision 3 Subdivision 13 

Variable Mean Standard 
Deviation Min Max Mean Standard 

Deviation Min Max 

Sale price $721,096 $238,847 $257,694 $1,686,383 $368,075 $36,722 $292,815 $467,391 

Ln of sale price 13.49 0.376 12.46 14.34 12.81 0.0987 12.59 13.05 

Lot size in square feet 4,187 1,404 2,248 8,836 10,627 1,328 8,340 15,761 

Number of bedrooms 3.7 0.810 2 6 3.30 0.697 2 5 

Number of bathrooms 3.03 0.649 1.5 4.5 2.70 0.408 2 4 

Total square feet 3,492 880 1,836 6,015 3,360 481 2,302 4,344 52 
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The regression results from Subdivision 3 and Subdivision 13 are presented in Table 9. 

 
Table 9.  Estimates of the Effect of Certification on Sale Price   
 for Subdivisions 3 and 13. 

  Subdivision 3  Subdivision 13  

Dependent Variable Natural log of sale price Natural log of sale price 

Observations 100 82 
R-squared 0.935 0.542 
        

Variable Coefficient Standard Error Coefficient Standard Error 

Certified Built Green or 
Energy Star 0/1 -0.00587 (0.0292) 0.149*** (0.0353) 

Ln of lot size 0.130 (0.0934) -0.0622 (0.0684) 
Ln of number of 
bedrooms -0.0539 (0.109) 0.0487 (0.0584) 

Ln of number of 
bathrooms

0.231** (0.107) 0.186** (0.0792) 

Ln of total square feet 0.636*** (0.120) 0.425*** (0.0598) 
Constant 6.721*** (0.630) 9.711*** (0.765) 
     
Model Specification F-Stat P-value F-Stat P-value 
Builder 
Dummies? Yes 4.82 0.000 No 

Year Dummies? Yes 15.51 0.000 5.56 0.000 

*, **, and *** signify significance at the 10%, 5%, and 1% levels respectively.  
 

 In the Subdivision 3 regression the estimated coefficient on Certified is -0.00587 

with standard error of (0.0292) and is not statistically significant.   

 Subdivision 13 has only one builder so there are no problems with collinearity 

between builders and Certified.  The regression estimates a coefficient of 0.149 for 

Certified, significant at the 1 percent level.  To correctly interpret the effect on sale price 

of a home being certified, the coefficient must be transformed as shown in Halvorsen and 

Palmquist (1980) and summarized here.  If α is the estimated coefficient on the Certified 

dummy variable in the regression of the Natural log of sale price, then the percentage 
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effect on the sale price is 100·( ( ) 1exp −α ).  The Certified coefficient of 0.149 therefore 

indicates that a certified home sells for 16 percent more than a non-certified home.  The 

average sale price for non-certified homes in Subdivision 13 is $358,517 so certified 

homes sell for over $55,000 more than non-certified homes.  This unusually large and 

significant result is discussed further in the “by builder” regressions in the following 

pages.  

 
Analysis by Builder 

 
 
 Another reasonable analysis is to investigate whether a particular builder receives 

a premium for his certified homes.  This analysis determines whether specific builders 

receive higher sale prices by building and certifying green homes.  The three builders 

with over 25 properties who built a mix of certified and non-certified properties within a 

single subdivision are Builder 15, Builder 18, and Builder 21.  The breakdown of their 

properties by subdivision and certification status is summarized in Table 10.  Table 11 

shows the summary statistics for each builder.  

 
Table 10.  Tabulations of Data from the Three Builders    
 with the Most Observations. 

 Builder 15 Builder 18 Builder 21 

Subdivision Cert Non Cert Non Cert Non 
Subdivision 4  0 64 - - - - 
Subdivision 5  2 0 - - - - 
Subdivision 9  0 1 - - - - 
Subdivision 11  3 6 - - - - 
Subdivision 21 2 0 - - - - 
Subdivision 22  0 30 - - - - 
Subdivision 25  6 6 - - - - 
Subdivision 3  - - 43 42 - - 



55 
 

Table 10.  Tabulations of Data from the Three Builders     
 with the Most Observations (continued). 

 Builder 15 Builder 18 Builder 21 

Subdivision Cert Non Cert Non Cert Non 
Subdivision 6  - - 0 19 - - 
Subdivision 12  - - 1 4 - - 
Subdivision 18 - - 0 11 - - 
Subdivision 24  - - 0 7 - - 
Subdivision 2  - - - - 8 6 
Subdivision 13  - - - - 39 43 
Total Certified, 
Non-certified 

13 107 44 83 47 49 

Total Observations 120 127 96 
Percent Certified 10.8% 34.6% 49% 



 

Table 11.  Summary Statistics of Data from the Three Builders          
 with the Most Observations. 

 Builder 15 Builder 18 Builder 21 

Variable Mean Standard 
Deviation Min Max Mean Standard 

Deviation Min Max Mean Standard 
Deviation Min Max 

Sale price $470,806 $108,211 $292,875 $918,925 $727,765 $222,480 $257,694 $1,365,718 $397,372 $85,364 $292,815 $747,250 

Lot size in 
square feet 11,748 3,742 6,150 25,412 7,278 5,761 2,248 23,814 10,990 1,952 8,340 21,362 

Number of 
bedrooms 4.17 0.863 2 7 3.92 0.878 2 6 3.31 0.701 2 5 

Number of 
bathrooms 3.34 0.863 2 5.5 3.24 0.716 1.5 4.75 2.67 0.415 2 4 

Total 
square feet 4,289 643 3,031 6,060 3,853 1,059 1,836 6,408 3,534 666 2,302 5,544 56 
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The results of the individual regressions for each of the three largest builders are 

displayed in Table 12. 

 
Table 12.  Estimates of the Effect of Home Certification on Sale Price  
 for Builders 15, 18, and 21. 

  Builder 15 Builder 18 Builder 21  

Dependent Variable Natural log of sale price Natural log of sale price Natural log of sale price 

Observations 120 127 96 
R-squared 0.824 0.901 0.861 
        

Variable Coefficient Standard 
Error Coefficient Standard 

Error Coefficient Standard 
Error 

Certified Built Green 
or Energy Star  -0.0174 (0.0394) 0.0161 (0.0281) 0.111*** (0.0409) 

Ln of lot size 0.137** (0.0533) 0.0268 (0.0855) 0.0427 (0.0736) 
Ln of number of 
bedrooms -0.0326 (0.0598) 0.0135 (0.100) 0.0579 (0.0511) 

Ln of number of 
bathrooms 0.216*** (0.0550) 0.174* (0.0884) 0.179** (0.0724) 

Ln of total square feet 0.646*** (0.0849) 0.679*** (0.126) 0.453*** (0.0584) 

Constant 6.298*** (0.694) 6.996*** (0.602) 8.152*** (0.800) 
       

Model Specification F-Stat P-value F-stat P-value F-stat P-value 

Subdivision 
Dummies? Yes 17.89 0.000 91.40 0.000 13.55 0.000 

Year 
Dummies? Yes 18.79 0.000 56.94 0.000 26.26 0.000 

 
 
 The Certified coefficient estimates are not significantly different from zero for 

Builder 15 and Builder 18 indicating that they do not receive price premiums for their 

green certified homes.  Although these builders construct homes in a variety of 

subdivisions, the only data that contribute to the Certified coefficient estimation are those 

that are built by the same builder in the same subdivision and are a mix of certified and 

non-certified.  The data that contribute to the Certified coefficient estimate for the Builder 
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18 regression are almost the exact same as those that determine the Subdivision 3 

Certified coefficient.  In the regression for Builder 18, there is 1 certified home and 4 

non-certified homes in Subdivision 12 that contribute to the Certified coefficient that are 

not used in the Subdivision 3 regression.   

 The statistically significant coefficient of 0.111 for the Builder 21 regression is 

very large in magnitude.  The coefficient estimate suggests that certified homes sell for 

11.7 percent more than non-certified homes, as per Halvorsen and Palmquist’s (1980) 

transformation outlined in the previous section.  This amounts to a certified home sale 

price of almost $45,000 above Builder 21’s average non-certified home price of 

$382,049.  Assuming a competitive market for green homes, there is no reason to believe 

that this is fully attributable to the costs of the certification programs’ requirements.  This 

regression is virtually the same as the Subdivision 13 regression that also found 

unexpectedly large effects of certifying homes green except this includes the addition of 

8 certified and 6 non-certified homes built by Builder 21 in Subdivision 2.  The 

Subdivision 13 regression had a very low R2 value of 0.542 compared to values of 0.8 to 

0.95 seen in most of the regressions indicating that there are other factors that affect sale 

price that are not captured by the model’s independent variables.  

 In a conversation with an upper level Builder 21 manager, he did not believe that 

their certified homes sold for any more than the non-certified homes.  He said that in 

2006 the company raised the prices by $6,000 to $10,000 per home because material 

prices had increased and the market could support higher prices.  In 2007 they also began 

to include higher-end finishes such as granite counters and wood floors that further 
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increased the sale prices.27  The majority of Builder 21’s homes built prior to 2007 were 

not certified while the majority built in 2007 and after were certified, so it is possible that 

the Certified dummy is picking up these price changes.  Table 13 displays Builder 21’s 

homes by year and certification status.   

 
Table 13.  Builder 21 Homes by Year and Certification Status. 

Year Certified Non-Certified 

2003 0 1 

2004 0 1 

2005 0 24 

2006 2 24 

2007 25 0 

2008 19 1 

2009 1 0 

 
 
The manager believed that they did not receive higher prices for their certified homes 

because all of their homes were built to similar standards even though only some of them 

were certified.  To meet the certification requirements, the only additional costs they 

incurred were approximately $300 per home for the inspection and a few hundred dollars 

to replace incandescent light bulbs with compact fluorescent bulbs.  Ultimately with the 

data available it is not possible to determine why the Certified coefficient is so large in 

                                                 
27 A back-of-the-envelope calculation estimates that the cost of upgrading all countertops from laminate to 
granite counters and upgrading the flooring in the kitchen and living room from carpet to wood floors 
would cost between $10,000 and $15,000 for a three bathroom, 4,000 square foot home.  This suggests that 
there is still a $25,000 difference between certified and non-certified home prices even after accounting for 
their price increases and higher-end finishes.  It is possible, however, that additional upgrading of windows, 
trim packages, cabinets, and appliances could amount to $25,000 in extra construction costs.   



60 
 

magnitude, but the conversation recounted above suggests that it is in part due to some 

omitted variable bias.   
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CHAPTER 7 
 
 

EXTENDED ANALYSIS 
 
 
 This chapter contains supplemental analyses used to further evaluate the effect of 

certification on home sale prices.  An approach developed by labor economists in work 

on labor market discrimination is used to determine whether attributes in certified homes 

are valued differently from attributes in non-certified homes.  An investigation to 

determine if energy prices affect the value of certification is conducted, and lastly, data 

on second sale prices are used to examine whether certified homes have higher resale and 

appreciation values than non-certified homes.   

 
Price Decomposition Methodology and Results 

 
 

A home’s certification provides information about the presence of green attributes 

and enables people to express their preference for green construction.  The previous 

chapter finds little evidence to suggest that people pay a premium for green homes.  That 

analysis allows the intercept term in the regression to vary but constrains the home 

attribute coefficients to be equal for certified and non-certified homes.  This section 

investigates if certified home attributes are valued differently than non-certified home 

attributes to test whether the assumption that the associated coefficients are equal is 

realistic.   

The Oaxaca-Blinder price decomposition method was developed in Oaxaca’s 

(1973) work on discrimination as the source of wage differentials between men and 
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women and in Blinder’s (1973) work on discrimination between white and black 

workers.  Blinder and Oaxaca evaluated what portion of observed wage differentials was 

attributable to differences in characteristics (e.g. education, experience, age) and what 

was attributable to discrimination (i.e. differences in the valuation of characteristics).  

Following an adaptation of Blinder’s development, the analysis in this chapter estimates 

the sale price differentials attributable to differences in average home characteristics and 

attributable to differences in the valuation of characteristics.   

The basic hedonic regression for a home’s sale price is 

(4) Yj = ∑
=

n

i 0
βi Xij + uj,     

where Yj is the natural log of the sale price for home j, X0j is a vector of ones, and X1j, . . , 

Xnj are n observable home characteristics used to explain the sale price including the 

certification dummy, square footage, lot size, number of bedrooms, number of bathrooms 

and year dummies.  The constraint in equation (4) that the estimated coefficients are 

equal for certified and non-certified homes can be relaxed by estimating the two separate 

regressions,  

(5) C
jY  = ∑

=

+
n

i

C
j

C
ij

C
i uX

0
β   and  

(6) N
jY = ∑

=

+
n

i

N
j

N
ij

N
i uX

0

β .  

The C superscript indicates the certified group and the N superscript indicates the non-

certified group.   
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Let the price differential, PD, be defined as the difference in mean sale prices 

between certified and non-certified homes,   

PD = C
jY - N

jY .  

From the properties of OLS, the estimated relationships pass through the means of the 

dependent and independent variables so  

(7) PD = ∑
=

n

i

C
i

C
i X

0

β - ∑
=

n

i

N
i

N
i X

0

β .  

Adding and subtracting ∑
=

n

i

N
i

C
i X

0
β on the left-hand-side and rearranging results in  

 PD = )(
0
∑
=

−
n

i

N
i

C
i

N
iX ββ  + )(

0

N
i

n

i

C
i

C
i XX∑

=

−β  = DVCc + DCc 

The first sum on the right-hand-side is the amount of the price differential attributable to 

differences in the valuation of characteristics, DVCc.  The second sum on the right-hand-

side is the amount of the price differential due to differences in characteristics, DCc, as 

evaluated by the certified group’s estimated coefficients.  The c subscript is used to 

indicate that this formulation of the price differential assumes that in the absence of 

differences in valuations of certified to non-certified homes, the reference coefficients are 

those faced by the certified homes.  Note though, that the reference case coefficients 

imposed on the model could be those faced by non-certified homes instead of those for 

certified homes.  In this case, adding and subtracting ∑
=

n

i

C
i

N
i X

0

β on the right-hand-side of 

equation (7) yields 

 PD = )(
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∑
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n
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i XX∑

=

−β = DVCn + DCn.  
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Now the differences due to characteristics are weighted using the non-certified home 

coefficients as the reference case, as indicated by the n subscript.   

 A positive DVC indicates that as a whole, attributes in certified homes are valued 

more than attributes in non-certified homes: if DVC is negative then non-certified home 

attributes are preferred.   

 Economic theory does not suggest one reference case is more appropriate than the 

other so both will be considered.  Estimating the effects of differential tastes using both 

the certified and non-certified weights generates a range of possible values.  

 Table 14 shows the results of the price decomposition.   

 
Table 14.  Price Decomposition on Regression without Builder or   
 Subdivision Dummy Variables. 

 (1) (2) 
 Certified as reference group Non-certified as reference group 

Observations of certified 
and non-certified 
properties, respectively.  

270 399 

Price differential 
C

jY - N
jY  C

jY - N
jY  

 -0.142*** 
(0.037) 

-0.142*** 
(0.037) 

)(
0
∑
=

−
n

i

N
i

C
i

N
iX ββ  )(

0
∑
=

−
n

i

N
i

C
i

C
iX ββ  Differences in valuation 

of characteristics.  
(DVC) 0.05 

(0.030) 
-0.149*** 

(0.036) 

)(
0

N
i

n

i

C
i

C
i XX∑

=

−β  )(
0

N
i

n

i

C
i

N
i XX∑

=

−β  Differences in 
characteristics.  (DC) -0.192*** 

(0.042) 
0.006 

(0.035) 
*** indicates the estimate is significantly different from zero at the 1% level.   

 
 
The price decomposition results vary depending on which coefficients are specified as the 

reference case.  If the certified home coefficients are designated as the reference, as in 
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column (1) in Table 14, then the portion of the price differential due to different valuation 

of characteristics is not statistically different from zero.  In contrast, if the non-certified 

home coefficients are the reference, as in column (2), then the portion of the price 

differential due to differences in valuation of characteristics is -0.149 and is statistically 

significant at the one percent level.  These results are not conclusive because they find 

that either certified attributes as a whole are valued the same as non-certified attributes or 

that they are valued less, depending on the reference case.   

 The price decomposition is also conducted on the Subdivision 13 sample that 

found large significant effects on sale price of certifying homes.  The results are 

displayed in Table 15.  

 
Table 15.  Price Decomposition on Subdivision 13 Observations. 

 (1) (2) 
 Certified as reference group Non-certified as reference group 
Observations of certified 
and non-certified 
properties, respectively. 

39 43 

Price differential 
C

jY - N
jY  C

jY - N
jY  

 0.055** 
(0.022) 

0.055** 
(0.022) 

)(
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∑
=

−
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N
i

C
i

N
iX ββ  )(

0
∑
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−
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N
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C
i

C
iX ββ  Differences in valuation 

of characteristics.  
(DVC) 0.155*** 

(0.051) 
0.073*** 
(0.023) 

)(
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C
i

C
i XX∑

=

−β  )(
0

N
i

n

i

C
i

N
i XX∑

=

−β  Differences in 
characteristics.  (DC) -0.10* 

(0.052) 
-0.019 
(0.024) 

The *, **, and *** indicate the estimate is significantly different from zero at the 10%, 5%, and 
1% levels respectively.  

 



66 
 

Depending on which reference coefficients are used, this analysis estimates that the 

difference in valuation of characteristics ranges from 0.073 to 0.155, both significant at a 

one percent level indicating that attributes in certified homes are more highly valued than 

attributes in non-certified homes.  The discussion recounted above with the manager from  

Builder 21, the only builder in Subdivision 13, suggests, however, that these results may 

be the result of factors omitted from the regression analysis.  

 
Effect of Energy Prices on Value of Certification 

 
 
 If people value the energy saving benefits of green construction, then their 

willingness to pay for green homes may fluctuate with energy costs.  Data on average 

electricity and natural gas costs for the western region, as shown in Table 16, are used to 

evaluate the effect of energy costs on the valuation of green construction.   

 
Table 16.  Average Consumer Energy Prices for the Western Region. 28 
Winter of 02-03 03-04 04-05 05-06 06-07 07-08 
Electricity ($/kwh) 0.091 0.091 0.092 0.097 0.102 0.105 
Natural Gas ($/mcf) 7.55 8.84 10.18 12.96 11.20 11.30 

 
 
 The variable Ln of Electricity cost equals the natural log of the average consumer 

electricity cost for the winter prior to or concurrent with the home sale year.  For 

instance, homes that sold in 2004 have an average electricity cost of  0.091 so the Ln of 

electricity cost variable equals -2.39, concurrent with the average 03-04 winter fuel costs.  

An interaction term between Ln of electricity cost and Certified measures how the effect 

                                                 
28 Data are from Energy Information Administration’s 2009 “Short Term Energy Outlook.”  Viewed at 
http://www.eia.doe.gov/pub/forecasting/steo/oldsteos/mar09.pdf, (August 22, 2009).  Data prior to winter 
of 2002/2003 are not available.  
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of certification on sale price changes as electricity costs change.  A similar development 

applies to the Ln of natural gas cost variable.  

 A regression of the data set’s 538 home sales between the years 2003 and 2008 on 

the natural log of national annual GDP in billions of chained 2000 dollars, the natural log 

of national annual unemployment, the Certified dummy, an Ln of electricity 

cost*Certified interaction variable, Ln of electricity cost, and all house attributes 

excluding year sold is conducted.  The same regression with the Ln of natural gas cost 

variable in place of the Ln of electricity cost is also conducted.  The results of both 

regressions are shown in Table 17.   

 
Table 17.  Estimated Effects of Energy Prices on Value    
 of Home Certification. 

 (1) (2) 
Energy Price Indicator Natural gas prices Electricity prices 
Dependent Variable Natural log of sale price Natural log of sale price 
Observations 538 538 
R-squared 0.951 0.951 

Variable Coefficient Standard 
Error Coefficient Standard 

Error 
Certified Built Green or 
Energy Star 0/1 0.008 (0.279) -0.51 (0.702) 

Certified and ln of energy 
price interacted variable 0.0007 (0.115) -0.221 (0.302) 

Ln of energy price  0.105 (0.085) -0.012 (0.395) 
Ln of lot size 0.171*** (0.033) 0.168*** (0.033) 
Ln of number of 
bedrooms 0.008 (0.032) 0.00735 (0.031) 

Ln of number of 
bathrooms 0.204*** (0.035) 0.206*** (0.036) 

Ln of square feet total 0.455*** (0.042) 0.460*** (0.041) 
Ln of annual GDP 0.689** (0.343) 1.202** (0.033) 
Ln of unemployment rate  -0.057 (0.066) -0.083 (0.064) 
     
Model specification F-stat P-value F-stat P-value 
Subdivision Dummies 140.21 0.000 143.49 0.000 
Builder Dummies 38.77 0.000 43.22 0.000 
Year Dummies Not included Not included 
The *, **, and *** indicate significance at the 10%, 5%, and 1% levels respectively.  
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The coefficient estimates for Certified and both energy cost*Certified interaction 

variables are not statistically significant.  The marginal effect of certification on sale 

price, evaluated at the mean of the energy cost, is the Certified coefficient plus the energy 

cost*Certified coefficient times the average energy cost.  For the natural gas regression in 

column (1) of Table 17, the estimated marginal effect of certification evaluated at the 

mean of Ln of natural gas cost is 0.0152 with standard error of 0.164, and is not 

statistically significant.  For the electricity regression in column (2), the estimated 

marginal effect of certification evaluated at the mean of the Ln of electricity cost is -0.531 

with standard error of 1.004, not statistically significant.  Both the analysis with 

electricity costs and the analysis with natural gas costs find that the value of certification 

is not affected by changing energy prices and that certification does not significantly 

affect sale prices.  

 The regression finds that a 10 percent increase in annual GDP corresponds to a 

6.89 to 12.02 percent increase in sale prices.  Prices are not significantly affected by 

unemployment rates. 

 
Effect of Certification on Second Sale Price 

 
 
 An argument against paying a higher price for green homes is an uncertainty 

about their financial returns.  It may be difficult to estimate annual energy savings of 

technological upgrades so consumers could be concerned that additional upfront costs 

will not be recovered.  At the time of the second sale of a home though, potential 

purchasers can view historical energy consumption costs for the property and compare its 
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actual costs with other non-certified homes.  While this line of reasoning does not address 

why builders would assume extra costs of building green homes in the first place, 

evaluating the effect of certification on the second sale price can illuminate consumers’ 

behavioral choices.   

 Table 18 shows the summary statistics for the homes in the data set that sold a 

second time between 1999 and 2009.   



 

Table 18.  Summary Statistics of Second Sale Observations          
 by Certification Status. 

 Certified Homes Non-Certified Homes 
Total 
Observations 30 75 

          

Variable Mean Standard 
Deviation Min Max Mean Standard 

Deviation Min Max 

Second sale 
pricea $696,831 $346,529 $199,651 $1,599,484 $591,806 $189,462 $317,650 $1,229,230 

Lot size 8,106 6,140 2,112 21,960 11,554 4,817 3,956 25,412 

Number of 
bedrooms 4 0.809 2 6 4.09 0.72 2 6 

Number of 
bathrooms 3.77 0.886 1.5 5 3.51 0.724 2 5.5 

Total square feet 3,802 1,492 1,836 6,124 4,361 688 2,060 5,658 

a Second sale prices are in 2009 dollars adjusted using the GDP deflator.   

70 
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 A regression of 105 observations of second home sales on Certified and all other 

house attributes and dummy variables generates a Certified coefficient estimate of 0.108 

with standard error of 0.063, significant at the 10 percent level as shown in Table 19.  By 

Halvorsen and Palmquist’s (1980) transformation, this suggests that certified homes sell 

receive an 11.4 percent premium for their second sale.  This suggests that people are 

willing to pay more for certified homes possibly after their potential energy savings are 

“proven.”   

 
Table 19.  Estimated Effects of Certification on Second Sale Price. 
Dependent Variable Natural log of second sale price 
Observations 105 
R-squared 0.945 
   
Variable Coefficient Standard Error 
Certified Built Green or Energy Star 0.108* (0.063) 
Ln of lot size 0.229*** (0.060) 
Ln of number of bedrooms -0.022 (0.086) 

Ln of number of bathrooms 0.217** (0.103) 
Ln of square feet total 0.478*** (0.107) 
   
Model specification F-stat P-value 
Subdivision Dummies? Yes 61.04 0.000 
Builder Dummies? Yes 33.11 0.000 
Year Dummies? Yes 2.00 0.06 
*, ** and *** indicate statistical significance at the 10%, 5%, and 1% levels.  

 
 
This result is surprising large and it is likely that the results are skewed by the small 

sample: there are only 18 properties built by the same builder in the same subdivision that 

are used to estimate the coefficient on Certified in Table 19’s regression.    

 Some proponents of green building claim that green homes appreciate in value 

more than non-green homes.  The rate of appreciation, a, is defined as 
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where Pt is the second sale price, P0 is the first sale price, and t is the number of years 

between sales.  If there is less than a full year between sales, t is set to equal 0.75.  A 

regression of Appreciation rate on Certified and all other house attributes and dummy 

variables finds a coefficient of 0.071 (standard error of 0.03), significant at the one 

percent level.  The full results are displayed in Table 20.  

 
Table 20.  Estimated Effects of Certification on Appreciation Rate. 
Dependent Variable Appreciation rate 
Observations 105 
R-squared 0.429 
   
Variable Coefficient Standard Error 
Certified Built Green or Energy Star 0/1 0.071** (0.030) 
Ln of lot size 0.027 (0.037) 
Ln of number of bedrooms -0.057 (0.051) 
Ln of number of bathrooms 0.055 (0.051) 
Ln of square feet total -0.068 (0.042) 
   
Model specification F-stat P-value 
Subdivision Dummies 4.73 0.000 
Builder Dummies 4.31 0.000 
Year Dummies 0.47 0.87 
** indicates significance at the 5% level.   

 
 
This indicates that the appreciation rate of certified homes is 7.1 percent greater than non-

certified homes.  Once again though, these results may be affected by the small sample as 

described for the regression in Table 19.  Furthermore, it is unlikely that different homes 

appreciate at different rates if the market is in equilibrium.  If some homes are expected 

to appreciate more rapidly, their sale prices would increase to capture future appreciation 
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to the point that the appreciation rate of all homes equilibrates.  More data from second 

sale homes would be necessary to definitively evaluate the effect of certification on 

second sale price and price appreciation.  
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CHAPTER 8 
 
 

DISCUSSION 
 
 
 This study finds that consumers do not pay a premium for green homes.  This is in 

contrast to previous survey studies that estimated a positive and significant willingness to 

pay for various green upgrades in homes.   

 People may not be willing to pay more for green homes because the estimated 

payback is quite small.  The builders in the study estimated that the high end of the 

additional cost of building a home green is approximately $5,000.  Adding $5,000 to a 30 

year mortgage at a 6 percent interest rate increases monthly mortgage payments by $30.  

If the average homeowner in Colorado spends $1,680 on energy costs annually, then a 15 

percent increase in efficiency from the certification standards would amount to an annual 

savings of $252 per year and monthly savings of $21.  In this scenario, it may not be 

economically profitable to invest in the energy efficient features.  The better scenario is if 

green homes cost an additional $1,000 and are 30 percent more efficient.29  This scenario 

increases monthly mortgage payments by $6 and reduces monthly energy expenditures 

by $42 amounting to a $36 per month savings.  This savings, while positive, may not be 

significant enough for consumers to invest more time in additional property searching 

and information gathering to find a desirable home that includes green attributes.  

                                                 
29 Energy Star materials regularly claim that Energy Star homes are 20 to 30 percent more efficient than 
non-certified homes.  An Energy Star manager, when asked why builders would go beyond the required 15 
percent improvement, said that the system requirements of the program are based on improving efficiency 
by 15 percent but that additional air sealing is required that further increases the efficiency of certified 
homes.    
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 Even if the net present value of the lifecycle cost of an energy efficient investment 

is positive, studies have shown that people do not always adopt the technology.  

According to economic theory, perfectly informed, rational consumers consider the total 

cost when purchasing energy-using devices.  That is, they consider the cost of the initial 

purchase and the discounted cost of energy used throughout the device’s lifetime.  If the 

value of the energy savings generated by improving the energy efficiency of a device 

exceeds the cost of the improvement, then consumers are willing to pay for the improved 

efficiency.  All efficiency improvements that are cost-effective at prevailing prices would 

be realized assuming buyers have full and costless information about future energy costs 

and energy use of the device.  

 A variety of studies, however, have found that empirical evidence does not 

validate this economic model.  There are numerous examples of the so called “energy-

efficiency gap” where profitable opportunities to save energy costs are not implemented 

by individuals and firms (Haddad, Howarth, and Paton 1998; Feldman 1987; and Train 

1985).  Hausman (1979) reviewed air-conditioner purchases and found that consumers 

could receive significant present value savings by purchasing more energy efficient 

models than were chosen.  Hausman calculated that the observed consumer behavior is 

consistent with the lifecycle cost minimization theory only at discount rates of 25 percent 

per year averaged across income groups.  Similarly, Rudermam, Levine, and McMahon 

(1987) found discount rates of 20 to 800 percent per year when evaluating purchases of 

residential appliances and heating and cooling equipment.  These discount rates are far 
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above returns available on other investments and would not be used by rational, lifecycle-

cost minimizing consumers.   

 Explanations for the “efficiency gap” seen in previous empirical studies have 

included a lack of full information about energy efficient technologies and upfront capital 

restrictions.  People can observe the incremental capital costs for energy efficient 

technologies but equipment performance can be difficult to measure.  Consumers have no 

way of knowing from their monthly utility bills how much energy is used by different 

pieces of equipment (Carlsmith et al. 1990).  Consumer’s uncertainty about the benefits 

of the improved energy efficiency may impede their willingness to pay for it.  Howarth 

and Anderson (1993) present a model where consumers who lack accurate information 

about energy prices or the energy use of the device under-consume energy saving 

devices, even while acting rationally and considering lifecycle costs.   

 It is also possible that people’s risk behaviors affect their willingness to pay for 

green or energy efficient technologies.  Farsi (2008) found in choice survey experiments 

that risk aversion is a determinant of consumers’ behavior regarding enhanced insulation 

and ventilation.  Uncertainty about the extent of the possible energy savings from energy 

efficient upgrades combined with fluctuations in energy prices create risk in the benefits 

of energy saving technologies.  

 Ultimately though, the analysis in this thesis has not answered the question of 

why profit maximizing builders decide to build green homes.  While the inclusion of 

more energy efficient or green technologies may reduce the lifecycle cost for the end 

user, they usually come at a higher price to the builders.  If builders are not receiving 



77 
 

higher sale prices then they must be receiving other benefits for including efficient 

devices or they would not opt to include them. 

 It does not appear that builders participate in the program with the expectation of 

higher sale prices and subsequently stop participating when higher prices are not realized.  

Data from the Governor’s Energy Office of Colorado find that participation in the Energy 

Star program has risen steadily from 4.2 percent of new home starts statewide in 2004 to 

32.4 percent in 2009.  Without further analysis, it is impossible to know whether the 

increase in Energy Star homes is due to higher customer demand, greater program 

awareness, greater proportions of non-green to green builders going out of business, or a 

reduction in the incremental costs of certification.   

 The incremental costs of certification have likely decreased over time due to 

increases in code requirements and unchanged program requirements.  If builders are 

exactly compensated for the additional costs of building certified homes through a higher 

sale price, then as the marginal cost of building green decreases, there should be a 

decrease in the differences between certified and non-certified sale prices but not 

necessarily an increase in the proportion of participating homes.  On the contrary, if 

builders are not compensated for the extra costs of building green, but for some reason 

decide to build green regardless, then more companies would build green when the code 

changes and the marginal cost decreases.  Therefore, the increasing penetration of Energy 

Star homes concurrent with decreases in the incremental costs of attaining program 

requirements may support the results that builders are not being compensated for building 

green through higher sale prices.   
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 Builders may receive benefits of building green in the form of reduced days on 

market.  The GreenWorks Realty market summary for King County, Washington, found 

that certified homes sold on average in six days less than non-certified homes.  A 

construction loan for $500,000 at 10 percent annually would cost builders $137 in finance 

charges per day, so even a small reduction in days on market could compensate them for 

the additional costs of building green.  A future analysis that empirically investigates the 

effect of certification on days on market could be useful in understanding builders’ 

motivations.   

 Other possible benefits to green builders are faster processing for permit 

approvals in some jurisdictions, higher customer satisfaction and more referrals, or fewer 

call-back and warranty issues.  The McGraw-Hill survey found that 76 percent of 

builders reported no difference in the time it takes to gain project approval for green 

homes versus those that are not green so this is not a likely explanation (McGraw-Hill 

2008a).  The effects of certification on referrals and call-backs may be important but are 

unquantifiable at this point.  

 The lack of a price premium for certified homes could be consistent with profit-

maximizing firms if green homes do not cost more to construct.  If all homes incorporate 

green attributes because of code requirements, customer demands, or builder choice, then 

certified homes will not receive a premium in a competitive equilibrium, even if 

consumers are willing to pay a premium for green certification.  Sedjo and Swallow 

(2002) provide an elaborate economic discussion of this possible competitive market 

outcome.  It is possible that while other builders are not participating in the certification 
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programs, they are including energy efficient or green upgrades in their homes thereby 

eliminating the product differential and associated price differential.   

 As one builder responded when asked why he builds green homes when he knows 

he does not receive a premium: “Because the industry has changed, people just expect a 

home to be green and energy efficient.  Builders who aren't green better get on board 

because they will be left behind.”  This assertion is supported by the increasing 

penetration of Energy Star homes in Colorado even as the market has downturned and 

many builders have gone out of business.  
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CHAPTER 9 
 
 

CONCLUSION 
 
 
 This study investigates whether people are willing to pay a premium for homes 

certified to have green attributes.  The presence of a green certification was used as a 

proxy for the presence of green characteristics in single-family homes sold in Colorado 

between 1999 and 2009.  

 The analysis finds that certifying a home green does not affect sale prices, 

indicating that people do not pay a premium for green attributes.  The analysis reduces 

potential omitted variable biases by including subdivision and builder dummy variables 

that capture unobserved differences in characteristics that are possibly correlated with 

certification.  Regressions are conducted on the full data set and for particular builders 

and subdivisions to investigate if certified homes in any subdivision or constructed by 

any builder receive higher sale prices.  With one exception, the regressions consistently 

find that certification does not affect sale price.  The only significant effect is found for 

Builder 21 but it is likely affected by omitted variables as determined in a conversation 

with the builder. 

 It is possible that certified homes do receive a price premium but the additional 

costs of constructing a home to the certification standards are small compared to the total 

cost of the home.  The analysis may not be able to distinguish such small differences in 

sale prices without more observations.   
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 The findings of this study do not support survey results that find people express a 

willingness to pay for green homes.  Furthermore, the question of how or if builders are 

compensated for the additional costs of building green remains unanswered.   

 Future analyses with data that include days on market information may help 

illuminate the possible economic benefits to builders of participating in the green 

certification programs.  An ideal data set would also include many observations of green 

and non-green homes built by the same builder within the same subdivision, constructed 

concurrently so that estimates of the effect of certification would not be affected by time 

specific, unobserved changes.   



82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LITERATURE CITED 



83 
 

Akerlof, G. 1970. “The market for lemons: Quality uncertainty and the market 
mechanism.” Quarterly Journal of Economics 84 (3): 488-500.   

 
Banerjee, A. and B. D. Solomon. 2003. “Eco-labeling for energy efficiency and 

sustainability: A meta-evaluation of U.S. programs.” Energy Policy 31: 109-123. 
 
Banfi, S., M. Farsi, M. Filippini, and M. Jakob.  2008.  “Willingness to pay for energy-

saving measures in residential buildings.” Energy Economics 30 (2): 503-516. 
 
Bartik, T. J. 1987. “The estimation of demand parameters in hedonic price models.” The 

Journal of Political Economy 95 (1): 81-88.  
 
Blinder, A. S. 1973. “Wage discrimination: Reduced form and structural estimates.” The 

Journal of Human Resources 8 (4): 436-455. 
 
Box, G. E. P. and D. R. Cox. 1964. “An analysis of transformations.”  Journal of the 

Royal Statistical Society Series B.  pg. 211-243.  
 
Carlsmith, R., W. Chandler, J. McMahon, and D. Santino. 1990.  “Energy efficiency: 

How far can we go?” Oak Ridge National Laboratory ORNL/TM-11441.   
 
Caswell, J. A. and E. M. Mojduszka. 1996. “Using informational labeling to influence the 

market for quality in food products.” American Journal of Agricultural Economics  
78 (5): 1248-1253.  

 
Chase, D. and T. K. Smith. 1992. “Consumers keen on green but marketers don’t 

deliver.” Advertising Age. June 29, 1992.  
 
Desvousges, W. H., et al. 1993.  "Measuring natural resource damages with contingent 

valuation: Tests of validity and reliability.” In: Hausman, J., ed., Contingent 
Valuation: A Critical Assessment. Amsterdam: North Holland Press, pg. 91-164.  

 
Diamond, P. A. and J. A. Hausman. 1994.  “Contingent valuation: is some number better 

than no number?”  Journal of Economic Perspectives 8 (4): 45-64.  
 
Dickie, M., A. Fisher, and S. Gerking. 1987.  "Market transactions and hypothetical 

demand data: A comparative study." Journal of the American Statistical Association 
82: 69-75.  

 
Egan, C. and E. Brown. 2001. “An analysis of public opinion and communication 

campaign research on energy efficiency and related topics.” American Council for an 
Energy-Efficient Economy.  Report No. A013, Washington, DC.  

 



84 
 

Farsi, M.  2008.  Risk Aversion and Willingness to Pay for Energy Efficient Systems in 
Rental Apartments.  Center for Energy Policy and Economics.  Swiss Federal 
Institutes of Technology. 

 
Feldman, S. 1987. “Why is it so hard to sell “savings” as a reason for energy 

conservation?” In: Kempton, W. and M. Nieman (eds), Energy Efficiency: 
Perspectives on Individual Behavior.  American Council for an Energy-Efficiency 
Economy, Washington DC, USA. pp 27-40.  

 
Feldman, S. and B. Tannenbaum. 2000. “Swoosh!?  Awareness and effects of the energy 

star brand in Wisconsin appliance labeling programs.” In: Proceedings of the 2000 
ACEEE Sumer Study on Energy Efficiency in Buildings.  American Council for an 
Energy-Efficiency Economy, Washington, DC.   

 
Forsyth, K., D. Haley, and R. Kozak. 1999. “Will consumers pay more for certified wood 

products?” Journal of Forestry 97 (2): 19-22. 
 
GreenWorks.  2009. “GreenWorks May 2009 ECert Report.”  GreenWorks Realty, 

Seattle, Washington.  Viewed at  http://greenworksrealty.com/ecert_report/ 
 GreenWorks%20Realty%20ECert%20Report%20Sept%2007%20-

%20May%2009.pdf  July 30, 2009.  
 
Haddad, B., R. Howarth, and B. Paton.  1998. "Energy efficiency and the theory of the 

firm." In: Proceedings of the ACEEE 1998 Summer Study on Energy Efficiency in 
Buildings. (9): 33-42. 

 
Halvorsen, R. and R. Palmquist. 1980. “The interpretation of dummy variables in 

semilogarithmic equations.” The American Economic Review 70 (3): 474-475.  
 
Hausman, J. A. 1979. “Individual discount rates and the purchase and utilization of 

energy-using durables.”  Bell Journal of Economics 10: 33-54.  
 
Howarth, R. B. and B. Anderson. 1993.  “Market barriers to energy efficiency.” Energy 

Economics October: 262-272.  
 
Jones, B. 2008. “Green building demand keeps business pumping, survey says.” NAHB 

GreenBuilding Update. 2 (2).  Viewed at http://www.nbnnews.com/NAHB_GBU/ 
issues/2008-06-24/2.html July 30, 2009. 

 
Kiesel, K., D. Buschena, and V. Smith. 2005. “Do voluntary biotechnology labels matter 

to the consumer?  Evidence from the fluid milk market.” American Journal of 
Agricultural Economics 87(2): 378-392.  

 



85 
 

Lancaster, K.J.  1966.  “A new approach to consumer theory.”  Journal of Political 
Economy April: 132-157. 

 
Lorenz, D. P., S. Trück, and T. Lützkendorf.  2007.  “Exploring the relationship between 

the sustainability of construction and market value: Theoretical basics and initial 
empirical results from the residential property sector.” Property Management 25 (2): 
119-149. 

 
Marbek Resource Consultants Ltd. 1984.  “Evaluation of the Energuide program Part II – 

analytic model.”  In: Energuide Evaluation: Background Study Modules.  Consumer 
and Corporate Affairs Canada, Program Evaluation Division, Ottawa, Canada.  

 
McGraw-Hill Construction. 2008a. “The Green Home Builder Smart Market Report 

2008.” Viewed at http://www.texasgreenhomesummit.com/Documents/ 
MHC_presentation.pdf July 30, 2009.  

 
McGraw-Hill Construction. 2008b. “The Green Home Consumer Smart Market Report 

2008.”  Viewed at http://www.texasgreenhomesummit.com/Documents/ 
MHC_presentation.pdf July 30, 2009.  

 
Milgrom, P.R. 1981. "Good news and bad news: Representation theorems and 

applications.” The Bell Journal of Economics 12: 380-391. 
 
Nimon, W. and J. Beghin. 1999. “Are eco-labels valuable?  Evidence from the apparel 

industry.” American Journal of Agricultural Economics.  81 (4): 801-811.   
 
Oaxaca, R. 1973. “Male-female wage differentials in urban labor markets.” International 

Economic Review 14 (3): 693-709.  
 
Palmquist, R. B.  1991. “Hedonic Methods.” In: Braden, J. B. and D. Kolstad, eds, 

Measuring the demand for environmental quality. North-Holland, Elsevier Science 
Publishers: 77-120.  

 
Rashkin, S. 1998. "Selling energy efficiency: The rules of the game are stacked against 

you so break them!" In:  Proceedings of the ACEEE 1998 Summer Study on Energy 
Efficiency in Buildings (7): 277-285. 

 
Rosen, S.  1974.  “Hedonic prices and implicit markets: Product differentiation in pure 

competition.”  Journal of Political Economy  82: 34-55.  
 
Sedjo, R. A. and S. K. Swallow. 2002. “Voluntary eco-labeling and the price premium.” 

Land Economics  78 (2): 272-284. 
 



86 
 

Simon, H.  1997.  Model of bounded rationality: Volume 3.  The MIT Press, Cambridge 
Massachusetts. 

 
Teisl, M. F., B. Roe, and R. L. Hicks. 2002.  “Can eco-labels tune a market?  Evidence 

from dolphin-safe labeling.” Journal of Environmental Economics and Management 
43: 339-359.  

 
Train, K. 1985. “Discount rates in consumer’s energy-related decisions: A review of the 

literature.” Energy – the International Journal 10 (12): 1243-1253. 
 
Werling, E., J. Hall, D. Meisegeier, S. Rashkin, B. Collison, and G. Chinery. 1998.  

“Lessons learned in the Energy Star Homes program.”  In: Proceedings of the 1998 
ACEEE Summer Study on Energy Efficiency in Buildings,  American Council for an 
Energy-Efficient Economy, Washington, DC.   

 



87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES



88 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 
 

ENERGY STAR BUILDER OPTION PACKAGE REQUIREMENTS  
 



89 
 

  



90 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 
 

BUILT GREEN CHECKLIST 
 
 



 
91 



 

 
 
 

92 



 
93 



 
94 



 

 

95 



 
96 



 
97 



 
98 



 
99 



 
100 



 
101 



 
102 



 
103 



 

 

104 



 

 

105 



106 
 

 

 

 

 

 

 

 

 

APPENDIX C 
 
 

TABULATIONS BY BUILDER, SUBDIVISION, AND YEAR 
 



107 
 

Table 21.  Builder and Subdivision Tabulations by Certification Status. 
 Builder 1 Builder 2 Builder 3 Builder 4 Builder 5 Builder 6 
 Cert Non Cert Non Cert Non Cert Non Cert Non Cert Non 
Subdivision 1 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 2 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 3 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 4 0 0 0 0 0 0 2 0 0 0 0 0 
Subdivision 5 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 6 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 7 0 0 0 0 0 0 0 0 0 0 0 7 
Subdivision 8 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 9 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 10 22 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 11 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 12 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 13 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 14 0 0 0 0 0 2 0 0 0 0 0 0 
Subdivision 15 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 16 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 17 0 0 0 0 0 0 0 0 8 0 0 0 
Subdivision 18 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 19 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 20 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 21 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 22 0 0 0 14 0 0 0 0 0 0 0 0 
Subdivision 23 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 24 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 25 0 0 0 0 0 0 0 0 0 0 0 0 
                    
Number of 
Properties 22 14 2 2 8 7 

Number of 
Subdivisions 1 1 1 1 1 1 

Proportion 
Certified 100.0% 0.0% 0.0% 100.0% 100.0% 0.0% 
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Table 21:  Builder and Subdivision Tabulations by Certification Status (continued.) 
 Builder 7 Builder 8 Builder 9 Builder 10 Builder 11 Builder 12 
 Cert Non Cert Non Cert Non Cert Non Cert Non Cert Non 
Subdivision 1 0 0 0 1 0 0 0 0 0 0 0 0 
Subdivision 2 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 3 0 0 0 3 0 0 0 0 0 0 0 0 
Subdivision 4 1 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 5 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 6 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 7 0 0 0 0 0 0 0 0 0 0 0 51 
Subdivision 8 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 9 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 10 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 11 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 12 0 0 0 0 0 0 1 0 0 0 0 0 
Subdivision 13 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 14 0 0 0 0 0 0 0 0 0 1 0 0 
Subdivision 15 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 16 0 0 0 0 0 0 0 0 0 0 0 20 
Subdivision 17 0 0 0 0 0 0 0 0 0 0 4 0 
Subdivision 18 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 19 0 0 0 0 8 0 0 0 0 0 6 0 
Subdivision 20 0 0 0 0 0 0 0 0 0 0 0 50 
Subdivision 21 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 22 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 23 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 24 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 25 2 0 0 0 0 0 0 0 0 0 0 0 
                    
Number of 
Properties 3 4 8 1 1 131 

Number of 
Subdivisions 2 2 1 1 1 5 

Proportion 
Certified 100.0% 0.0% 100.0% 100.0% 0.0% 7.6% 
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Table 21:  Builder and Subdivision Tabulations by Certification Status (continued.) 
 Builder 13 Builder 14 Builder 15 Builder 16 Builder 17 Builder 18 
 Cert Non Cert Non Cert Non Cert Non Cert Non Cert Non 
Subdivision 1 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 2 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 3 0 0 0 0 0 0 0 1 0 0 43 42 
Subdivision 4 0 0 0 0 0 64 0 0 0 0 0 0 
Subdivision 5 0 0 0 0 2 0 0 0 0 0 0 0 
Subdivision 6 0 0 0 0 0 0 0 0 0 0 0 19 
Subdivision 7 0 1 0 0 0 0 0 0 0 0 0 0 
Subdivision 8 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 9 0 0 0 0 0 1 0 0 0 0 0 0 
Subdivision 10 0 0 36 0 0 0 0 0 0 0 0 0 
Subdivision 11 0 0 0 0 3 6 0 0 0 0 0 0 
Subdivision 12 0 0 0 0 0 0 0 0 0 0 1 4 
Subdivision 13 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 14 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 15 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 16 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 17 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 18 0 0 0 0 0 0 0 0 0 0 0 11 
Subdivision 19 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 20 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 21 0 0 0 0 2 0 0 0 0 0 0 0 
Subdivision 22 0 0 0 0 0 30 0 0 0 0 0 0 
Subdivision 23 0 0 0 0 0 0 0 0 2 0 0 0 
Subdivision 24 0 0 0 0 0 0 0 0 0 0 0 7 
Subdivision 25 0 0 0 0 6 6 0 0 0 0 0 0 
                    
Number of 
Properties 1 36 120 1 2 127 

Number of 
Subdivisions 1 1 7 1 1 5 

Proportion Certified 0.0% 100.0% 10.8% 0.0% 100.0% 34.6% 
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Table 21:  Builder and Subdivision Tabulations by Certification Status (continued.) 
 Builder 19 Builder 20 Builder 21 Builder 22 Builder 23 Builder 24 
 Cert Non Cert Non Cert Non Cert Non Cert Non Cert Non 
Subdivision 1 0 0 8 0 0 0 0 0 0 0 0 0 
Subdivision 2 0 0 0 0 8 6 0 0 0 0 0 0 
Subdivision 3 0 0 1 1 0 0 0 0 8 0 0 0 
Subdivision 4 0 0 0 0 0 0 0 0 0 0 11 0 
Subdivision 5 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 6 0 0 0 0 0 0 0 0 3 0 0 0 
Subdivision 7 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 8 0 0 0 0 0 0 0 0 5 0 0 0 
Subdivision 9 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 10 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 11 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 12 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 13 0 0 0 0 39 43 0 0 0 0 0 0 
Subdivision 14 0 0 0 0 0 0 0 2 7 0 0 0 
Subdivision 15 1 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 16 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 17 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 18 0 0 0 0 0 0 0 0 0 1 0 0 
Subdivision 19 21 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 20 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 21 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 22 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 23 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 24 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 25 0 0 0 0 0 0 0 0 0 0 0 0 
                    
Number of 
Properties 22 10 96 2 24 11 

Number of 
Subdivisions 2 2 2 1 5 1 

Proportion Certified 100.0% 90.0% 49.0% 0.0% 95.8% 100.0% 
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Table 21:  Builder and Subdivision Tabulations by Certification Status (continued.) 
 Builder 25 Builder 26 Builder 27 Builder 28 
 Cert Non Cert Non Cert Non Cert Non 

Total  
# Obs 

Total # 
Builders 

Percent 
Certified 

Subdivision 1 0 0 0 0 0 0 0 0 9 2 88.9% 
Subdivision 2 0 0 0 0 0 0 0 0 14 1 57.1% 
Subdivision 3 0 1 0 0 0 0 0 0 100 6 52.0% 
Subdivision 4 0 0 0 0 0 0 0 0 76 4 15.8% 
Subdivision 5 0 0 0 0 0 0 0 0 2 1 100.0% 
Subdivision 6 0 0 0 0 0 0 0 0 22 2 13.6% 
Subdivision 7 0 0 0 0 0 0 0 0 59 3 0.0% 
Subdivision 8 0 0 0 0 0 0 0 0 5 1 100.0% 
Subdivision 9 0 0 0 0 0 0 0 0 1 1 0.0% 
Subdivision 10 0 0 0 0 0 0 0 0 36 2 100.0% 
Subdivision 11 0 0 0 0 0 0 0 0 9 1 33.3% 
Subdivision 12 0 0 0 0 0 0 0 0 6 2 33.3% 
Subdivision 13 0 0 0 0 0 0 0 0 82 1 47.6% 
Subdivision 14 0 0 0 4 0 0 0 0 14 5 50.0% 
Subdivision 15 0 0 0 0 0 0 0 0 1 1 100.0% 
Subdivision 16 0 0 0 0 0 0 0 0 20 1 0.0% 
Subdivision 17 0 0 0 0 0 0 0 0 12 2 100.0% 
Subdivision 18 0 0 0 0 0 0 0 0 12 2 0.0% 
Subdivision 19 0 0 0 0 3 0 6 0 44 5 100.0% 
Subdivision 20 0 0 0 0 0 0 0 0 50 1 0.0% 
Subdivision 21 0 0 0 0 0 0 0 0 2 1 100.0% 
Subdivision 22 0 0 0 0 0 0 0 0 30 2 0.0% 
Subdivision 23 0 0 0 0 0 0 0 0 2 1 100.0% 
Subdivision 24 0 0 0 0 0 0 0 0 7 1 0.0% 
Subdivision 25 0 0 0 0 0 0 0 0 14 2 57.1% 
                   
Number of 
Properties 1 4 3 6       

Number of 
Subdivisions 1 1 1 1       

Proportion 
Certified 0.0% 0.0% 100.0% 100.0%       
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Table 22:  Annual Observations and Percent Certified. 

 Total Observations Percent Certified 
Year 1999 18 77.7% 
Year 2000 27 33.3% 
Year 2001 42 11.9% 
Year 2002 30 10.0% 
Year 2003 42 28.5% 
Year 2004 75 14.6% 
Year 2005 145 21.4% 
Year 2006 103 30.0% 
Year 2007 91 80.2% 
Year 2008 82 86.5% 
Year 2009 14 71.4% 
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PAIRWISE CORRELATIONS OF PRIMARY VARIABLES 
 

AND SUBDIVISIONS AND BUILDERS WITH THE MOST OBSERVATIONS 
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Table 22.  Pairwise Correlation of Primary Variables and Subdivisions   
 and Builders with Most Observations. 

 Certified Energy 
Star 

Built 
Green 

Ln of 
lotsize 

Ln of 
bedrooms 

Ln of 
bathrooms 

Ln of total 
square feet 

Certified 1.00       
Energy Star 0.93 1.00      
Built Green 0.84 0.76 1.00     
Ln of lotsize -0.32 -0.33 -0.32 1.00    
Ln of bedrooms -0.17 -0.20 -0.11 0.28 1.00   
Ln of 
bathrooms -0.21 -0.25 -0.11 0.24 0.61 1.00  

Ln of total 
square feet -0.29 -0.34 -0.15 0.52 0.44 0.61 1.00 

Subdivision 3  0.10 0.12 0.18 -0.61 -0.03 -0.09 -0.26 
Subdivision 13 0.05 0.08 0.12 0.18 -0.21 -0.24 -0.25 
Builder 15 -0.28 -0.36 -0.22 0.29 0.20 0.06 0.11 
Builder 18 -0.06 -0.02 0.02 -0.37 0.08 0.01 -0.13 
Builder 21 0.07 0.10 0.14 0.22 -0.28 -0.28 -0.21 

 
 
Table 22.  Pairwise Correlation of Primary Variables and Subdivisions   
 and Builders with Most Observations (continued). 

 Subdivision3 Subdivision13 Builder 15 Builder 18 Builder 21 

Certified      
Energy Star      
Built Green      
Ln of lotsize      
Ln of bedrooms      
Ln of 
bathrooms      

Ln of total 
square feet      

Subdivision 3       
Subdivision 13 1.00     
Builder 15 -0.16 1.00    
Builder 18 -0.20 -0.17 1.00   
Builder 21 0.71 -0.18 -0.23 1.00  
Certified -0.17 0.91 -0.19 -0.20 1.00 
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FUNCTIONAL FORM OF THE INDEPENDENT VARIABLES 
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 To investigate the appropriateness of the functional form of the independent 

variables, goodness of fit criteria are used to compare the effects of unit versus natural 

logs of the house attributes.  The sum of squared residuals (SSR) for the regressions 

including the Ln of bathrooms (SSR = 7.662), or the Ln of lot size (SSR = 7.556), or the 

Ln of total square feet (SSR = 7.554) with the unit measurements of the other variables 

have smaller SSRs than the regression with all unit variables (SSR = 7.708).  The results 

suggest that the Ln of lot size, Ln of number of bathrooms, and the Ln of total square feet 

are better empirical fits for the model.  The only independent variable transformation that 

did not reduce the sum of squared residuals was the Ln of number of bedrooms (SSR = 

7.726).  Because it was not substantively different from the non-transformed version, Ln 

of number of bedrooms is used for simplicity in explanation.  Histograms of the unit 

values of Lot size and Total square feet support the use of natural logarithm transformed 

variables due to their skewed distributions (Lot size more so than Total square feet).   
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Figure 4.  Lot Size Histogram. 
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Figure 5. Total Square Feet Histogram. 
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APPENDIX F 
 
 

FUNCTIONAL FORM OF THE DEPENDENT VARIABLE 
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 The appropriate functional form of the dependent variable Sale Price is evaluated 

using the Box-Cox transformation.  A histogram of the distribution of Sale Price shows a 

strong rightward skew in the data, suggesting the assumption of normal distribution of the 

data may be inappropriate.  Converting the data to the natural log of the sale price 

generates a more normal distribution.  See figures below.  
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Figure 6.  Sale Price Histogram. 



120 
 

0
.2

.4
.6

.8
1

D
en

si
ty

12 12.5 13 13.5 14
Natural log of sale price

 
Figure 7.  Natural Log of Sale Price Histogram. 
 
 
 A Box-Cox analysis confirms the appropriateness of using the natural log 

specification of the dependent variable as elaborated below. 

 The Box-Cox application is used to compare different functional forms for 

dependent variables.  Consider two alternative specifications:  

(8) Sale Pricej  = β +  α · Certifiedj  + House Attributesj · γ + uj        

(9) Natural log of sale pricej  = β + α · Certifiedj  + House Attributesj · γ + μj        

 Equation (8) is the linear model and in equation (9) the dependent variable is the 

natural log of the sale price.  The empirical specifications in equations (8) and (9) cannot 

be compared by evaluating the sum of squared residuals of the regressions because the 
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dependent variables are not the same.  Standardizing the independent variable generates 

equations where the sums of squared residuals are comparable.   

 Following Box and Cox’s development (1964), let  Sale Pricej* = c · Sale Pricej 

where c = 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡−∑
J

)Price Saleln(
exp

j
j  is the inverse of the geometric mean of Sale Price.  

Equations (8) and (9) can be written as functions of  Sale Pricej* and the ln(Sale Pricej*),  

(10) Sale Pricej*  = β1 +  α1 · Certifiedj  + House Attributesj · γ1 + ujj  

(11) Natural log of sale pricej*  = β2 + α2 · Certifiedj  + House Attributesj · γ2 + μj.  

This specification allows the comparison of the sums of squared residuals from the two 

regressions to determine which specification is empirically preferred.  The SSR from 

regression (10) is 23.66 and from regression (11) is 7.49.  The d-statistic with a chi-

squared distribution and one degree of freedom is used to determine if the values are 

significantly different.   
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The ∑ 2*
10 je and ∑ 2*

11 je are the sums of squared residuals in the estimations of (10) and 

(11) respectively.  The null hypothesis is that the functions are empirically equivalent.  

Rejection of the null indicates that they are statistically different so the better fit model 

should be used.  This analysis finds a d statistic of 384 with p-value less than 0.000 that 

rejects the null hypothesis.  The Natural log of sale pricej is the more empirically 

appropriate specification for the model and is used throughout the study.  



122 
 
 

 

 

 

 

 

 

 

APPENDIX G 
 
 

HETEROSKEDASTICITY ANALYSIS 
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Recall the basic regression specification, 

 Natural log of sale pricej  = β + α · Certifiedj  + House Attributesj · γ + μj. 

A Breusch-Pagan test for heteroskedasticity generates a chi-squared distributed statistic 

of 212 with p-value of less than 0.000 and rejects the null hypothesis of no 

heteroskedasticity.  A graphical investigation shows little heteroskedasticity in the 

suspected variables Ln of total square feet and Ln of lot size.  See figures below.  
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Figure 8.  Scatter Plot of Squared Residuals Versus the Natural Log   
 of Total Square Feet. 
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Figure 9.  Scatter Plot of Squared Residuals Versus the Natural    
 Log of Lot Size. 
 
 
 Regressing the squared residuals against all of the independent variables reveals 

that one year dummy, one builder dummy, one subdivision dummy, and the Certified 

dummy have statistically significant effects at the 10 percent level.  The coefficients on 

Ln of total square feet and Ln of lot size are not statistically significant, supporting the 

graphical estimation. Because of the presence of heteroskedasticity, all regressions are 

run using the Huber/White estimator of variance in place of the traditional calculation.   


