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Third-party veriﬁcation and certiﬁcation processes for low energy built environments have played a critical role
in inﬂuencing transitioning sustainable societies to reduce their emissions footprint in both residential and
commercial buildings. One prominent example is the Leadership in Energy and Environmental Design (LEED)
certiﬁcation program, which was conceived by the United States Green Building Council (USGBC). Its residential
platform, LEED for Homes, started as a pilot in 2004 and was fully implemented in 2008. This paper attempts to
answer the question: what are the characteristics of growing sustainable LEED residential societies in the United
States? The paper examines residential LEED market adoption trends in the United States by analyzing a decadeworth of data from 2005 to 2014 (71,438 certiﬁed units). The study implemented data visualization techniques
and statistical analyses to explore predictors of residential LEED community adoption trends. The ﬁndings
suggest that market share of LEED licensed residences in a state and the number of policies and incentives in that
state are generally related. Overall market share for LEED Residential had a smaller eﬀect (β = −0.03 with
outliers, 0.11 without outliers) than for LEED for Homes overall (β = 0.06 with outliers, 0.12 without outliers).
A signiﬁcant positive relationship between LEED residential market share and number of LEED AP per capita was
also found. The strongest relationship in this subset of variables was with LEED for Homes single-family homes,
where one standard deviation increase in LEED AP per capita in year t was associated with a 0.15 standard
deviation increase in market share in year t + 1. LEED Residential market share was not generally related to
educational attainment, median household income, or political orientation (democrat vs. republican). The investigation proposes further research, speciﬁcally as related to local practice support as mechanisms of growing
the transition to low-carbon societies.

1. Introduction

example of such rating systems is the Leadership in Energy and Environmental Design (LEED) certiﬁcation program. LEED was created by
the United States Green Building Council (USGBC). The USGBC was
founded in 1993, but the LEED program did not start until the early
2000s. Since then, there have been many changes to the certiﬁcation
process, and diﬀerent categories of certiﬁcation have been created. The
nine main ones are LEED for New Construction, Core & Shell, Schools,
Retail, Healthcare, Commercial Interiors, Existing Buildings, Neighborhood Development, and Homes, the focus of this paper. LEED for
Homes started as a pilot in 2004, and was fully implemented in 2008
(Reposa, 2009).
Multiple residential LEED studies have been investigated in the literature, mainly focusing on case studies. A LEED certiﬁed house on the
US Gulf Coast was discussed in light of LEED as a “checklist of points,”
and how that can be a motive for using gadgets, rather than developing
performative design (Ker Thomson, 2010). In addition, coordination for

Buildings account for a quarter of the worlds’ energy consumption,
and 40% of residential and commercial end-use energy consumed in the
United States. The residential buildings sector consistently consumes
more energy than the commercial sector on a global scale, as proliferating residences use more than double the energy used in commercial buildings (Pérez-Lombard, Ortiz, & Pout, 2008). In the age of
climate change, building standards are reviewed regularly to reduce the
environmental impact of buildings, and produce a much more energy
eﬃcient building stock (Bulkeley & Betsill, 2005). Minimum standards
of construction practice are typically governed through building codes
and regulations. However, third-party green building rating systems
have played a critical role in inﬂuencing societies to transition to energy eﬃcient buildings and neighborhoods, through possible incentivized recognition (Prum, Aalberts, & Del Percio, 2012). An
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Fig. 1. Research Methodology.

green building policies as well as political background, and discusses
the ﬁndings in the context of potentials, limitations and further research to be pursued. The paper concludes by noting the characteristics
of residential LEED societies, and outlines recommendations for relevant transitioning of community practices.

delivering a LEED residential building was discussed, including
minimal eﬀects on rent premiums, where a development in Yellowstone
National Park experienced a limited 2% increase in rent (Denzer &
Hedges, 2011). Prum and Aalberts (2013) report two cases in diﬀerent
states regarding Common Interest Communities, which are now starting
to enforce green building provisions as part of the neighborhoods’
Covenants, Conditions, and Restrictions. They conclude that the structure of legally-binding homeowner’s association documents are important to allow for enforceable standards while also permitting ﬂexibility. Further, Prum’s (2009) case study in Nevada highlighted how
the structure of tax incentives for commercial green buildings could
portend a ﬁscal crisis if not designed properly. In the lone study that
reported statistical analyses of green building data, Prum and
Kobayashi (2014) found a positive correlation between economic
growth and number of green buildings in six states that provided incentives for such construction.
Performance-based studies report that homes built to the LEED
standards that may not be certiﬁed consume less energy than typical
simulated houses Shokry & Duhoux, 2015). Post occupancy evaluations
of seven LEED certiﬁed homes demonstrated that they performed better
than the national average in Energy Use Intensity (EUI) (Beauregard,
Berkland, & Hoque, 2011). Other studies surveyed LEED certiﬁed home’
resident’s satisfaction (Suk-Kyung & Lee, 2012). However, a gap in the
literature exists when investigating comprehensive long-term trends
speciﬁc to transitioning residential LEED societies.
LEED certiﬁed buildings (and eco-certiﬁcation in general) grow at
rates typical of innovative products: with rapidly adopting spatial focal
points that don’t follow the slower, usual trend of the rest of the
country. Analysis of available data a decade ago predicted a growth of
this particular market segment, despite economic downturn (Fuerst,
2009). A study of the spatial distribution of the location and diﬀusion of
US LEED certiﬁed buildings showcased a concentration shift from major
coastal cities to an even distribution across the country, with LEED
Accredited Professionals (AP) matching existing concentrations of population (Cidell, 2009). LEED certiﬁed commercial buildings have been
studied in terms of market share adoption. It was found that LEED
certiﬁed buildings account for an average of 1% of the commercial
stock, which is a relatively small proportion despite the high growth
rates. The strongest predictors of growth in a local market were market
size, education attainment and economic growth (Fuerst, Constantine,
& McAllister, 2014). However, scholars have not yet rigorously examined LEED-certiﬁed residential buildings in terms of similar market
characteristics in the United States. Without such rigorous quantitative
studies, scholars are left with an incomplete picture of green construction in the United States.
Accordingly, this paper examines residential LEED market adoption
trends in the United States by analyzing a decade-worth of data from
2005 to 2014 (71,438 certiﬁed units). The study implemented data
visualization techniques and statistical analyses to explore the predictors of residential LEED community adoption trends. The paper details the research methodology and analysis procedures, presents ﬁndings focused on examined population demographics, implemented

2. Methodology – database and analysis procedures
In order to examine decade-long trends, a comprehensive database
was constructed and analyzed using data visualization techniques and
statistical evaluation (Fig. 1).
2.1. Hypotheses
This paper attempts to answer the question: what are the characteristics of growing societies for United States LEED residential
buildings? The study was initiated by investigating two hypotheses: it is
expected to observe a relationship between residential LEED market
adoption trends and 1) society demographics, pertaining to household
income, levels of education, statewide GDP per capita and number of
LEED AP certiﬁcation experts; and 2) community policies and politics,
focusing on the number of policies that incentivize energy eﬃciency
and adoption of renewable energy, as well as the political orientation of
the state. A comprehensive database was ﬁrst developed, followed by
data visualization and rigorous statistical analysis techniques described
below, with the aim of investigating the hypothesized relationships.
2.2. Database building
2.2.1. LEED residential market adoption characteristics (2005–2014)
Dependent variables consist of market adoption of LEED residential
structures. Publically available data for all LEED projects were exported
from the USGBC website for all 50 states and Washington D.C. This
included project IDs, location, owner, area, registration and certiﬁcation details. Data were ﬁltered to include only residential building types
certiﬁed between 2005 and 2014 and consists of two certiﬁcation
programs. LEED Residential projects were started in 2005, while the
LEED for Homes certiﬁcation program started in the year 2008.
Consequently, new residential projects followed either the LEED for
Homes certiﬁcation program, or the previous original LEED Residential
label. Therefore, the database comprised both LEED for Homes and
LEED Residential projects in that time period (United States Green
Buildings Council, 2016). This dataset comprised any category on the
USGBC database related to housing, including many categories such as
Aﬀordable Housing, mixed-use housings like “Commercial Oﬃce,
Multi-Unit Residence, Special Needs, Retail,” as well as military quarters such as “Multi-Unit Residence, Campus (corp/school), Military
Base.”
The main dependent variable in the study is overall market share of
LEED Residential-certiﬁed projects, measured in per cent market share
and was examined through correlations and panel regression analyses.
LEED for Homes, as a newer class of LEED projects that tracks
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2004). The mapping was binary, represented in red states and blue
states, following Republican dominant and Democrat dominant, respectively (Federal Election Commission, 2016). A value of 1 was given
to Republican states and a value of 2 was assigned to predominantly
Democratic states and Washington, D.C.
Finally, prior market share of the LEED Residential and LEED for
Homes in year t was controlled for. In general, controlling for levels of
the dependent variable at time t when predicting the variable at time
t + 1 is necessary because prior performance can be strong predictor of
future performance (Rabe-Hesketh & Skrondal, 2008). In the present
study, it is intuitive that higher market share will be greatly dependent
on the market share from the previous year. A primary reason why the
market share of LEED Residential homes in a state like California was so
high in the year 2010 is because the market share was high in 2009.
Failing to include prior market share in the statistical models would
thus introduce strong bias that would falsely elevate the coeﬃcients
and improve the signiﬁcance of the independent variables. Indeed,
models that were tested without controlling for prior market share
demonstrated this bias clearly.

additional dependent variables, were also included as supplementary
analyses as robustness tests.
Five diﬀerent per cent market share variables were used from the
LEED for Homes data: overall, multi-family, single-family, marketpriced, and aﬀordable. Overall is the total market share of LEED for
Homes certiﬁed projects. The total number of LEED for Homes certiﬁed
projects may be divided two diﬀerent ways, as multi-family/single family, or as market-priced/aﬀordable. Multi-family residences are deﬁned as apartments, condominiums and the like that consist of units
that are vertically stacked on four or more stories, while single-family
residences are deﬁned as stand-alone single-family structures, or
townhouse-style single family homes (United States Green Buildings
Council, 2008). Additionally, market-priced homes consist of homes
that are priced by a market rather than calculated or ﬁxed, while affordable homes are homes which are deemed aﬀordable to those with a
median household income as rated by the national government or a
local government by a recognized housing aﬀordability index. These
ﬁve variables are the dependent variables in later statistical analyses for
robustness. All dependent variables were calculated as the number of
LEED-certiﬁed units in the particular category divided by the total
number of units in that category.
The independent variables mentioned below were lagged such that
the outcome variables mentioned above were accounted for one year
later. Speciﬁcally, independent variables were measured in year t and
the market share variables were measured in year t + 1. Doing so
provides support for, but does not prove, conclusions regarding causality in the relationships.

2.3. Analysis techniques
To test the hypotheses using the database, two primary analysis
methods were applied.
2.3.1. Data visualization
A tabulation of the database on Google Sheets enabled in-depth
analysis using “Motion” Bubble Charts (Mulrow, 2002). This is an interactive graphical tool that enables ﬁve-dimensional investigation
charts using the x-axis, y-axis, size and color of data points, as well as a
timeline that animates data for every year, with possible trend trails for
each data point across the years. In cases where further examination is
needed, visual representations of data were constructed as graphical
means of analysis.

2.2.2. US census data
The American Fact Finder from the United States Census Bureau
website was used to collect all census data for the same time period
(United States Census Bureau, 2016), except for the year 2014, where
the American Community Survey (ACS) 1-year estimates were used
(United States Census Bereau, 2014). The database included median
household income measured in US dollars, total population, and
number of housing units/households. Additionally, educational attainment was tabulated for individuals 18 years of age and older, where
“respondents are classiﬁed according to the highest degree or the
highest level of school completed. The question included instructions
for persons currently enrolled in school to report the level of the previous grade attended or the highest degree received” (United States
Census Bereau, 2014). Higher values represent more years of schooling.

2.3.2. Statistical analyses
Descriptive statistics and correlation analysis were ﬁrst applied to
the data, where the six diﬀerent LEED market share dependent variables of interest were related to the six diﬀerent predictor variables
described previously: median household income, educational attainment, GDP per capita, LEED AP per capita, policies/incentives, and
political orientation. As correlation analysis examines the change in one
variable relative to another variable, independent of other variables
that might inﬂuence that relationship, panel regression analyses were
also conducted. Regression analysis has the advantage of testing a relationship between two variables while controlling for the eﬀects of
other variables in the model.
In the panel regressions conducted here, all variables were standardized by transforming them into z-scores to allow for ease of interpretation and relevant implications (Combs, 2010). Z-scores transform a variable to have a mean of zero and a standard deviation of 1.
When transformed into z-scores, variables with vastly diﬀerent scales,
like GDP per capita and LEED AP per capita in the present study, may
be compared against each other as to their relative eﬀect on a dependent variable.
Panel regression analyses were required due to the time-series
nature of the data. Repeated measures over time on the same subject
introduce autocorrelation into the model, and the present study examines LEED data measured in the same state over time. Repeated
measures over time violate the assumption of independence in the error
terms (uncorrelated error terms) required for linear regression, which
introduces bias into the model and renders signiﬁcance tests invalid
(Field, 2013). Panel regression accounts for this autocorrelation in the
analysis to remove the potential for bias. Panel regressions reported in
the present study were clustered by state. The statistics package Stata
v14 (www.stata.com) was used in all statistical analyses.

2.2.3. LEED accredited professionals per capita
An account for the number of LEED Accredited Professionals (AP)
per capita was provided by the USGBC for each state. LEED APs are
practicing professionals that have passed USGBC examinations that
demonstrate that they have acquired the knowledge needed to lead a
project through LEED certiﬁcation, and are focusing their practices on
“green building” in general.
2.2.4. State incentives for renewables and eﬃciency
The dataset on sustainable technology incentive programs was
collected from the Database of State Incentives for Renewables &
Eﬃciency (DSIRE). The website enumerates policies and incentives on
both the federal and state level for each state. The sum of policies and
incentives was calculated accordingly, and attributed to each state individually (United States Department of Energy, 2016). Higher values
indicate more state policies and incentives to promote green building.
2.2.5. Political orientation mapping
A political map was recorded for each state and District of Columbia
(D.C.) based on the Presidential Election Map from the years 2004,
2008, and 2012. In order to ﬁll the gaps between election years, the
years where no election occurred were assumed to follow the previous,
most recent election map (e.g. aﬃliation from 2005 to 2007 followed
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Table 1
Descriptive statistics and correlations between variables of interest.

1
2
3
4
5
6
7
8
†

Variable

Mean

Std. Dev.

1

2

3

4

5

6

7

LEED Res. Market Share t + 1
LEED Res. Market Share t
Median HH Income
Education Level
GDP per capita
LEED AP per capita
Policies & Incentives
Political Orientation

7.4E-05
5.4E-05
50794
0.04
49150
1.0E-04
52.41
1.50

1.7E-04
1.5E-04
8340
0.02
18624
1.87E-04
30.60
0.50

0.95***
0.13**
0.40***
0.32***
0.66***
0.06
0.10*

0.13**
0.40***
0.32***
0.67***
0.06
0.10*

0.22***
0.47***
0.33***
0.25***
0.54***

0.20***
0.51***
0.46***
0.16***

0.52***
−0.02
0.28***

0.52***
0.06

0.34***

p < 0.10.
* p < 0.05.
** p < 0.01.
*** p < 0.001.

3. Results – demographic and political trends

AP increases (state font size increases). LEED AP per Capita size examples: D.C.: 0.2%, NJ: 0.02% and WV: 0.003%. LEED for Homes
Market Share color examples: NM: 0.2%, NC: 0.04%: and IA: 0.0002%.

The predictors that are focused on three topics: society characteristics in terms of income and education, special society features in GDP
and LEED AP per capita, as well as their energy eﬃciency incentivization through policies and their political orientation.
Correlations between all variables are reported in Table 1, and correlations with outliers removed are reported in Table 2.

3.3. Incentivization policies and political orientation
With LEED residential market share as the dependent variable in
correlation analysis, there was a signiﬁcant relationship with a state’s
political orientation (α = 0.10, p < 0.05) but not with number of incentivization policies. Graphical analysis was used as a means of
identifying outliers in the data, and cases where number of supporting
policies were exaggerated or cases where the market share was inﬂated
were identiﬁed (Fig. 4). The bar graph format visualizes trends, where
gradation becomes signiﬁcantly darker when number of policies or
density of market share is unusually high.
Fig. 5 represents a 2014 bubble chart with outliers removed. The
graph shows a linear relationship between the number of policies/incentives and LEED residential market share. Examples include lower
share with less policy support such as KS, AL, DE and RI, and higher
share with more incentives such as NC, MA, IN, AZ. The distribution of
political orientation is even, with a leading Republican voting state like
TX having the most market share, total LEED projects and number of
policies and incentives. The relationship between LEED market share
and political orientation remained consistent, and number of incentivization policies were found as signiﬁcant predictors. Given the
presence of these outliers, panel regression analyses were conducted
both with the full dataset and with outliers removed. Results are reported at the end of this section.

3.1. Median household income and educational attainment
Initial correlation analysis showed that educational attainment was
signiﬁcantly related to LEED residential market share (α = 0.40,
p < 0.001). Median household income showed a signiﬁcant but comparably weaker relationship with LEED residential market share
(α = 0.13, p < 0.01). A motion bubble chart was used to visualize the
ﬁnding (Fig. 2). It is observed that certain data point sizes change when
moving vertically in time (educational attainment changes). When it
moves horizontally (median household income changes), there is limited size change. FL, TX, and HI were chosen to demonstrate varying
trends that demonstrate this observation.
3.2. GDP and LEED AP per capita
Additionally, there was a signiﬁcant correlation between GDP per
capita and LEED residential market share (α = 0.32, p < 0.001), and a
stronger correlation with a state’s LEED AP per capita (α = 0.52,
p < 0.001). A map was developed (Fig. 3) to visualize the relationship
between LEED AP per capita and LEED for Homes Market Share, and
two outlier states were identiﬁed: New Mexico, where the LEED for
Homes market share was high, with low LEED AP per capita, and
Washington D.C., where the market share was low, but the LEED AP per
capita was high. As market share increases (green color is darker), LEED

3.4. Panel regressions with and without outliers
Initial analyses revealed that seven states skewed the visualization
results. These seven states included Alaska, California, Washington,

Table 2
Descriptive statistics and correlations between variables of interest, outliers removed.

1
2
3
4
5
6
7
8
†p

Variable

Mean

Std. Dev.

1

2

3

4

5

6

7

LEED Res. Market Share t + 1
LEED Res. Market Share t
Median HH Income
Education Level
GDP per capita
LEED AP per capita
Policies & Incentives
Political Orientation

3.6E-05
2.6E-05
50299
0.04
46388
87.4E-05
48.72
1.48

4.6E-05
3.8E-04
7609
0.02
8232
1.0E-04
24.10
0.50

0.95***
0.15**
0.58***
0.05
0.62***
0.55***
0.10*

0.17**
0.53***
0.03
0.63***
0.52***
0.11*

0.19***
0.73***
0.32***
0.22***
0.57***

0.07
0.62***
0.57***
0.11*

0.17***
0.15**
0.40***

0.68***
0.27***

0.30***

< 0.10.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
571

Sustainable Cities and Society 39 (2018) 568–577

T. Rakha et al.

Fig. 2. Decade-long motion bubble chart for median household income and educational attainment and LEED residential market share.
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Fig. 3. A data visualization map for LEED AP per Capita and LEED for Homes Market Share.

household income had a generally signiﬁcant positive eﬀect on LEED
for Homes market share, and political orientation had a generally signiﬁcant negative eﬀect. Finally, education level manifests a negative
and signiﬁcant relationship in single family homes. The consistency of
these overall results suggests that the results are not spurious statistical
artifacts but instead accurate representations of the phenomena being
studied. These results are discussed in the next section, along with ideas
regarding the increased number of statistical relationships in Table 5.
Comparing the results of LEED residential and LEED for Homes indicates some consistencies. Policies and incentives, and LEED AP per
capita are both signiﬁcantly related to the adoption of LEED-certiﬁed
residences across overall outcome measures as well as subsets of those
outcomes. Additionally, GDP per capita displayed a consistent negative
relationship, although not all models were signiﬁcant. Finally, education level was signiﬁcant in only one of the many models tested.

D.C., Hawaii, Louisiana, Minnesota, Missouri, and New Mexico.
Additional analyses were therefore conducted on this restricted sample
to assess the impact of these outlier states on the overall results. It
should also be noted that ﬁve of these eight states (plus D.C.) were
democratic states.
Residential LEED market share was the ﬁrst variable examined in
panel regression analyses, reported in Table 3. Model 1 reports results
of all 50 states plus Washington, D.C. Model 2 reports results with
outliers removed, as described in earlier data visualization analyses. As
expected, prior market share was a very strong predictor of future
market share, and high R2 values demonstrated the strength of the
models. Model 1 indicated support for two hypotheses, GDP per capita
(β = 0.05, p < 0.01) and LEED AP per capita (β = 0.14, p < 0.1).
Other variables were not signiﬁcantly related to LEED residential
market share. With outliers removed, LEED AP per capita (β = 0.08,
p < 0.01) and policies and incentives (β = 0.11, p < 0.001) were
statistically signiﬁcant. Other variables were not signiﬁcant. Comparing
both models indicates consistent relationships between LEED residential market share and LEED AP per capita.
Following LEED residential market share, data for LEED for Homes
were examined due to the greater granularity of the data with regard to
outcomes. Results of panel regressions reported in Table 4 show overall
market share, along with four other variants of LEED for Homes share
as robustness tests. Results of market share indicate that accounting for
all six predictors inﬂuences the relationships between the predictors
and market share as evidenced by the high R2 values. Generally, there
were signiﬁcant relationships for LEED AP per capita (β = 0.12,
p < 0.05) and policies and incentives (β = 0.06, p < 0.05) while
other variables did not manifest signiﬁcant relationships. When testing
the predictor variables on other subsets of LEED residential market
share, results were consistent with overall market share. When considering outliers (Table 5), results were consistent for the most part,
although naturally the magnitude and signiﬁcance of the coeﬃcients
diﬀered between the models. Two diﬀerent trends stand out: Median

4. Discussion – potentials and limitations
Third party certiﬁcation for built environment praxis have the potential of being “carrots” in a world where policies and regulations may
be perceived as “sticks” to reduce man-made environmental impacts. It
is therefore necessary to understand relationships that aid communities
in transitioning to using such a positive reinforcement medium. LEED
was developed in the United States and continues to grow in that
market, and while it has been criticized for energy performance issues
and certiﬁcation level correlations with credits earned (Newsham,
Mancini, & Birt, 2009), it is evident from this decade-worth of data
analysis that the market continues to grow. Therefore, the potentials
and limitations of such growth within the ﬁndings are discussed from a
demographic and policy characteristics perspective.
4.1. Demographics and general observations
The results of this investigation have implications for research and
573
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Fig. 4. Data visualization of policies/incentives and political map for LEED residential market share.

practice. LEED AP per capita and policies and incentives were generally
signiﬁcant and consistent predictors of LEED Residential market share,
and for LEED for Homes (and in diﬀerent types of homes), in both the

full models and with outliers removed. First, the most consistent state
characteristic evident across all tested statistical models is the signiﬁcant positive relationship between LEED residential market share
574
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Fig. 5. Policies/incentives and political map chart for LEED residential market share without outliers.

Third, signiﬁcant relationships were found between LEED for
Homes market share and education level in some models when outliers
were removed in Table 5. There was a negative and signiﬁcant relationship with education level in single-family homes (β = −0.06) and
market-priced homes (β = −0.05). This suggests that in these 43 states
a one standard deviation rise in education is related to a 0.06 standard
deviation drop in market share for single-family residences, and a 0.05
standard deviation drop in market-priced LEED for Homes residences.
Finally, a remark about income and GDP per capita. Findings indicate that median household income had a weaker relationship with
the adoption of LEED residential buildings in the United States over the
past decade, and was signiﬁcant in only two of the regression models.
Real GDP per Capita was further investigated as an additional indicator
of standard of living beyond median household income. Speciﬁcally, in
panel regressions median household income was signiﬁcantly related to
only overall and multi-family LEED for Homes residences when outlier
were removed, while GDP per capita was signiﬁcant for overall LEED
Residential market share for the full sample, and in no other models.
This paper’s ﬁndings are generally consistent with the trends observed by Prum and Kobayashi (2014) for LEED buildings generally,
who found that state GDP and the number of LEED-certiﬁed non-government buildings were positively correlated. This paper builds on their
study in a number of critical ways. First, the present study oﬀers a more
complete statistical model by accounting for the eﬀects of a number of
additional predictor variables. Importantly, this study controls for prior
market share which was shown to greatly reduce the magnitude of the
eﬀects of other predictor variables in the model. Second, this paper
extends their work by utilizing a larger sample of all 50 states plus
Washington DC to improve generalizability. Finally, this study utilizes
panel regression, which is a more rigorous statistical technique than
simple regression, that accounts for the autocorrelation present in their
model to prevent bias in the results.

Table 3
Panel regression for market share of LEED Residential in time t + 1,
2005–2014, with and without outliers.
Market Share t + 1

Model 1 with outliers

Model 2 without outliers

β

S.E.

β

S.E.

Market Share t
Median Household Income
Education Level
GDP per capita
LEED AP per capita
Policies & Incentives
Political Orientation

1.01***
−0.03
0.01
0.05**
0.14†
−0.03
0.03

0.08
0.03
0.02
0.02
0.08
0.02
0.04

1.02***
0.01
−0.03
0.00
0.08**
0.11***
0.00

0.04
0.03
0.02
0.04
0.03
0.03
0.04

Observations
Groups
R2 within
R2 between
R2 overall

459
51
0.82
0.98
0.89

387
43
0.89
0.98
0.91

S.E. is standard error.
†
p < 0.10.
*
p < 0.05.
** p < 0.01.
*** p < 0.001.

and number of LEED AP per capita. The strongest relationship in this
subset of variables was with LEED for Homes single-family homes. A
one standard deviation increase in LEED AP per capita in year t was
associated with a 0.15 standard deviation increase in market share in
year t + 1.
Second, the ﬁndings suggest that market share of LEED-certiﬁed
residences in a state and the number of policies and incentives in that
state are generally related. Overall market share for LEED Residential
had a smaller eﬀect (β = −0.03 with outliers, 0.11 without outliers)
than for LEED for Homes overall (β = 0.06 with outliers, 0.12 without
outliers). In practical terms, the results suggest that every standard
deviation increase in level of education in all 50 states and Washington,
D.C. in year t is related to a 0.06–0.12 standard deviation increase in
overall market share in LEED for Homes certiﬁcation in year t + 1.

4.2. Policies and politics
Correlation ﬁndings denote a moderately signiﬁcant relationship
between number of policies/incentives on both the federal and state
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Table 4
Panel regression results for LEED for Homes market share in time t + 1, 2008–2014.
Market Share t + 1

Overall
β
***

Market Share t
Median Household Income
Education Level
GDP per capita
LEED AP per capita
Policies & Incentives
Political Orientation

1.02
−0.01
0.03
0.03
0.12*
0.06*
0.00

Observations
Groups
R2 within
R2 between
R2 overall

306
51
0.82
0.98
0.89

S.E.
0.10
0.04
0.02
0.02
0.05
0.02
0.06

Multi-family
β
***

1.09
0.03
0.02
−0.05
0.10**
0.11***
−0.03

Single-family
β

S.E.

***

0.05
0.04
0.03
0.03
0.04
0.03
0.06

1.05
0.01
0.00
0.00
−0.02
−0.01
0.02

306
51
0.78
0.96
0.84

S.E.
0.05
0.04
0.02
0.02
0.01
0.02
0.06

306
51
0.69
0.99
0.89

Market
β
***

0.97
0.01
0.01
0.04
0.15***
0.06†
−0.03

S.E.
0.06
0.04
0.03
0.03
0.03
0.03
0.05

306
51
0.77
0.98
0.87

Aﬀordable
β
***

1.10
−0.05
0.03
0.02
0.04
0.03
0.04

S.E.
0.07
0.04
0.02
0.02
0.04
0.02
0.07

306
51
0.79
0.98
0.86

S.E. is standard error.
†
p < 0.10.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
Table 5
Panel regression results for LEED for Homes market share in time t + 1, 2008–2014 with outliers removed.
Market Share t + 1

Overall
β

S.E.

Multi-family
β

S.E.

Single-family
β

S.E.

Market
β

S.E.

Aﬀordable
β

S.E.

Market Share t
Median Household Income
Education Level
GDP per capita
LEED AP per capita
Policies & Incentives
Political Orientation

1.05***
0.10*
−0.01
−0.05
0.09*
0.12***
−0.12*

0.04
0.04
0.02
0.03
0.04
0.02
0.06

1.03***
0.12*
−0.01
−0.06†
0.11*
0.12***
−0.13*

0.04
0.05
0.03
0.04
0.05
0.02
0.06

1.07***
−0.01
−0.06**
0.02
−0.04
0.12**
−0.05

0.03
0.04
0.02
0.04
0.03
0.04
0.06

1.06***
0.10†
−0.05*
−0.04
0.11*
0.15***
−0.12†

0.07
0.05
0.03
0.04
0.04
0.03
0.06

1.06***
0.06
0.05
−0.04
0.02
0.04
−0.06

0.06
0.05
0.03
0.04
0.04
0.03
0.06

Observations
Groups
R2 within
R2 between
R2 overall

258
43
0.81
0.97
0.87

258
43
0.77
0.96
0.85

258
43
0.79
0.98
0.89

258
43
0.74
0.96
0.82

258
43
0.78
0.97
0.86

S.E. is standard error.
†
p < 0.10.

outliers were Democrat-heavy states like California, which had a balancing inﬂuence. So, removing these outlier states may have skewed
the results toward Republican-leaning states that are seeing growth in
“green” residences. For example, the overall LEED for Homes market
share in Table 4 (full sample) indicates no relationship at all (β = 0.00),
indicating that both Republican and Democrat states are experiencing
growing market share of “green” homes.

levels with LEED residential market share after removing outliers. Such
a directly proportional association suggests that the number of policies
that administer green buildings aid transitioning LEED residential societies to proliferate and have their impacts supported through governance. This conﬁrms previous research ﬁndings that used machine
learning techniques to identify inﬂuential factors aﬀecting LEED markets (Zhao & Lam, 2012), and case studies relating incentives to number
of green builings (e.g., Prum, 2009). Additionally, panel regression
models reveal a signiﬁcant relationship once outliers are removed in the
Residential LEED models. Findings were strengthened in the LEED for
Homes models for the full sample, and were stronger still with outliers
removed. A detailed investigation of LEED for Homes show that beta
coeﬃcients are positive in nine out of ten regression models, and signiﬁcant in seven of ten models.
Interestingly, research outcomes suggest that being a republican or
democratic presidential voting state has a much weaker inﬂuence on
Residential LEED and LEED for Homes market adoption. This suggests
that previous research that speciﬁes that “… political party has a signiﬁcant eﬀect on LEED concentration …” (Choi & Miller, 2011) may be
relevant to commercial LEED structures and not be applicable in the
case of LEED residential markets speciﬁcally. Panel regressions conﬁrmed this ﬁnding. A change in political orientation from Republican to
Democrat states was related to a drop in LEED for Homes market share
overall (β = −0.12) and in multi-family residences (β = −0.13)—only
two of 12 models overall. Recall that ﬁve of the eight states classiﬁed as

5. Conclusion
The comprehensive examination of LEED residential market adoption trends over time gives insight to the features of such communities
in transit. This paper concludes that LEED residential market share
growth has a stronger associative relationship with GDP per capita,
number of LEED AP per capita, and amount of green policies and incentives over educational attainment and median household income.
The USGBC and similar third-party certiﬁcation entities which are interested in transitioning residential markets should be targeting states
where there is evidence of increasing number of federal and state policies for green buildings, and proliferation in the number of built environment sustainability professionals, such as LEED AP. Access to both
characteristics indicates inclination, not certainty, for transitioning
through energy eﬃcient and environmentally-aware practices based on
historical data analysis.
The study suggests multiple directions for future research using the
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developed database, or through developing similar workﬂows. First,
further elaboration of demographic characteristics linked to LEED residential communities is needed, including multiple economic indicators. An initial foray into this area was provided, yet factors like net
gain or loss in population would undoubtedly aﬀect residential market
share of “green” homes. Second, policies were investigated at the federal and state level incentives, so future research could investigate
enumerations of local policies as well, to study micro-level administration. This would be especially fruitful in urban areas like New York
City, although cities with larger metro areas, like Atlanta, may have
more generous policies and incentives at the county level. Furthermore,
special LEED practices that support transitioning societies should be
incorporated and investigated as a potential deﬁning characteristic of
societies evolving towards low carbon practices, veriﬁed through thirdparty certiﬁcation programs.
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