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ARTICLE

Are LEED-ND developments catalysts of neighborhood gentrification?
Eric M. Benson and Bradley Bereitschaft

Department of Geography and Geology,University of Nebraska,Omaha,NE,USA

ABSTRACT
LEED v4 for Neighborhood Development (LEED-ND) is a neighborhood sustainability
assessment tool developed through a collaborative effort between the United States
Green Building Council, the Congress for the New Urbanism, and the Natural
Resources Defense Council. LEED-ND utilizes a credit-based ratings system that
serves as a template for the development of green, sustainable neighborhoods.
This research study analyzes the locational and demographic attributes of 246
proposed, completed, and/or in progress LEED-ND sites to better understand
whether LEED-ND and its ratings system are achieving its goal of promoting greater
social equity. This study analyzes the temporal changes of eight demographic
variables that are indicative of neighborhood gentrification. These variables include
educational attainment, median income, median rent, median land values, house-
hold size, median age, percent non-white, and racial diversity. Statistically significant
changes to educational attainment, median rent, and diversity were observed at
various geographic levels. It was also determined that the effects of LEED-ND
developments are likely felt beyond the physical boundaries of the sites. The
findings suggest that LEED-ND developments may function as catalysts of neighbor-
hood gentrification rather than promoting greater social equity.

ARTICLE HISTORY
Received 24 March 2019
Accepted 8 August 2019

KEYWORDS
Gentrification; sustainability;
LEED-ND; social equity;
LEED; neighborhood
demographics; urban
planning

1. Introduction

In the early 21st century, sustainable urban development
has become a significant environmental concern as vast
areas of land are consumed for urban development
while unsustainable quantities of finite natural resources
are depleted faster than they can naturally be replen-
ished (GFN 2018). In an attempt to reduce the use of
natural resources, promote environmentally friendly
design, and minimize negative environmental effects,
Leadership in Energy and Environmental Design (LEED)
was developed in 1998 by the U.S. Green Building
Council (USGBC). Since its inception, LEED has continued
to evolve, taking lessons learned frompast buildings and
projects, and applying them to new sustainable design
approaches and initiatives. Originally only applied to
individual buildings, the LEED certification process has
since been applied to neighborhood-scale develop-
ments, known as LEED-Neighborhood Development
(LEED-ND) (USGBC 2018a).

By the early 1990s, a ‘new urbanism’ movement
began to gain momentum, giving rise to organizations
such as the USGBC in 1993 (U.S. EPA 2016). The USGBC is
a non-profit organization dedicated to the design, con-
struction, and operation of cost- and energy-efficient
green buildings (USGBC 2018b). The Congress for the
New Urbanism (CNU) was chartered in 1996 with the
goals of combating urban sprawl and encouraging
urban infill, traditional neighborhoods, and transit-
oriented development (Congress for the New Urbanism
2015a). In 2007, LEED-ND (v.1) was created through
a collaborative effort involving CNU, the USGBC, and
the Natural Resources Defense Council (NRDC)
(Congress for the New Urbanism 2015b). LEED-ND was
designed to provide a holistic framework for approach-
ing neighborhood development.

LEED-ND shifts the focus of sustainable design away
from individual buildings and practices, towards the
development of sustainable urban neighborhoods.
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Neighborhoods are assessed using a rating system in
which points (or credits) are earned for adhering to the
design practices and standards laid out in the LEED (v.4)
for Neighborhood Development Project Checklist
(USGBC 2014). The purpose of the standards is to
reduce and reverse environmental impacts, protect
natural resources, create a green economy, and
enhance social equality through the creation of healthy
and productive human environments (USGBC 2018b).
The LEED-ND rating system, however, may not suffi-
ciently encourage social equity and diversity as one
study found that, ‘only 40% of LEED-ND-certified pro-
jects currently include affordable housing’ (Garde 2009;
Sharifi and Murayama 2014; Szibbo 2016). The ratings
system includes a section dedicated to smart location
and linkage which encourages the redevelopment of
urban areas with existing infrastructure (USGBC 2013).
This ‘infill’ redevelopment may be beneficial for dis-
tressed communities experiencing severe disinvest-
ment and high residential vacancy and joblessness.
Redeveloping abandoned or underused properties
also provides room for development that might have
otherwise been sited on green space or agricultural
land, i.e. ‘greenfield’ development (U.S. EPA 2017).

An important consideration when planning sus-
tainable developments and the redevelopment of
infill areas is the displacement of low income house-
holds that may occur as a result of gentrification. Kim
(2016) found that income diversity in infill develop-
ments only increases when areas are undergoing
gentrification. In the case of a neighborhood in
Toronto, Dale and Newman (2009) suggested that
there is little to no evidence indicating that sustain-
able developments encourage or even help maintain
social diversity and equity within existing neighbor-
hoods. Urban social and economic diversity should
be encouraged as developments hosting people of
mixed incomes, ages, races, genders, etc. are essen-
tial to place diversity and inclusivity (Talen 2006). The
intentional or unintentional displacement of existing
low income residents during redevelopment is in
direct opposition to the goals of sustainable devel-
opment. Talen (2006) argues that planners should
lead the way by encouraging mixed-use areas that
promote social equity. As more large-scale mixed-use
redevelopment projects such as LEED-ND projects
are completed, it becomes increasingly important to
understand the effects these developments have on
the demographic makeup of the areas surrounding
them, and to ascertain to what degree, if any, they

may catalyze gentrification and displacement in sur-
rounding communities. This may be especially critical
in dense urban areas and large metropolitan regions
where most LEED-ND projects are located (Smith and
Bereitschaft 2016). Therefore, it is necessary to under-
stand where LEED-ND sites are being built in terms of
the socioeconomic makeup of neighborhoods, and
how they may impact changes in neighborhood
composition during and after their construction.

This study aims to characterize how and to what
extent LEED-ND projects are influencing immediate
and adjacent neighborhood demographics including
income, rent, land value, age, family size, educational
attainment, and ethnic makeup. To assess the temporal
effects that LEED-ND projects may have had on the
demographic composition of surrounding neighbor-
hoods, we analyze these demographics before and
after redevelopment. As large infill projects built
under the guise of urban revitalization or sustainable
development continue to gain traction, it will become
increasingly important to understand how LEED-ND
projects influence the developmental trajectory of
adjacent urban neighborhoods. Knowledge regarding
these effects could help inform changes to LEED-ND
policies and goals aimed at mitigating displacement in
the face of gentrification, while promoting greater
overall social equity within, and adjacent to, redevelop-
ment sites.

2. Background

LEED-ND is a relatively new neighborhood sustain-
ability and assessment (NSA) tool. One of the primary
objectives of LEED-ND is to enhance social equity,
but it is unknown whether this goal is being
achieved using the current ratings system. Previous
research has shown that gentrification is often
a result of urban revitalization and redevelopment,
and thus it is worth exploring whether LEED-ND
developments are having a similar impact (Dale and
Newman 2009; Howell 2016; Marcus and Zuk 2017;
Zuk et al. 2017). To address this concern, it is first
worthwhile to consider in more detail the LEED-ND
framework and the process of gentrification.

2.1 LEED-ND

The LEED-ND framework was created by the USGBC,
a non-profit organization overseen by a board of
directors (USGBC 2018b). Similar to LEED certified
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buildings, LEED-ND projects aim to reduce energy
and natural resource consumption as well as mitigate
environmental impacts (U.S. Green Building Council
2015). LEED-ND certification often equates to higher
property values that appreciate over time, lower uti-
lity bills and operating costs, and may lead to inter-
national project acclaim (USGBC 2016). LEED-certified
projects have performed exceptionally well in leasing
markets due to lower operating costs, higher rents,
and higher selling premiums (Wiley et al. 2010).
LEED-ND’s simple point-based system and market-
based approach, which often rewards developers
with faster permit approval, reduced local fees, den-
sity bonuses, and green/eco branding, has the poten-
tial to be widely adopted (Garde 2009; USGBC 2012).

In addition to environmental considerations, LEED-
ND certification was crafted to encourage urban design
and development practices that advance urban livabil-
ity such as providing lively public spaces, enhancing
opportunities for physical activity, and improving the
social milieu of the neighborhood (LEED-ND v.4). The
evidence so far is mixed on whether these goals have
been realized. Stevens and Brown (2011) documented
more physical activity among children living in a more
walkable LEED-ND development when compared with
a less walkable neighborhood, however the authors
admit that families more likely to encourage walking
may be more prone to move into these types of devel-
opments. Boeing et al. (2014) examined a gentrifying
neighborhood in Oakland, CA generally considered
highly livable by residents, yet noted that the neigh-
borhood could not achieve LEED-ND certification due
to technical disqualifications such as the presence of
residential garages and driveways. The general consen-
sus is that the LEED-ND rating system and certification
is a step in the right direction, but that the process
could be enhanced, or at least offer more flexibility, to
achieve stated goals.

The LEED-ND rating system is comprised of five
categories; smart location and linkage, neighborhood
pattern and design, green infrastructure and build-
ings, innovation and design process, and regional
priority credits (USGBC 2014). LEED-ND(v.4) certifica-
tion may be awarded once a project has reached
substantial completion and all occupancy certificates
have been given out. A LEED-ND project has the
potential to earn up to 110 points and may be certi-
fied as either LEED Certified (40–49 points), LEED

Silver (50–59 points), LEED Gold (60–79 points), or
LEED Platinum (80+ points) (USGBC 2014).

The smart location and linkage category of LEED-ND
is dedicated to reducing urban sprawl, broadly charac-
terized as low-density development, as well as redu-
cing the negative environmental impacts of urban
development. Smart location and linkage promotes
sustainable development by offering certification cred-
its to sites that contribute less to urban sprawl and land
fragmentation. This may be accomplished by siting
a location in a brownfield or infill site that has local
access to existing transportation, resulting in lower
automotive dependency and less need for automotive
infrastructure (USGBC 2013). Smith and Bereitschaft
(2016) conducted a night-time light intensity and land-
use study aimed at classifying LEED-ND projects using
locational attributes, and found that 114 of 246 sites
were located in inner-suburban or central urban infill
areas (Smith and Bereitschaft 2016). LEED-ND sites
were also predominantly located in large central
metropolitan statistical areas (Smith 2015). These
results appear to reflect the influence of Smart
Location and Linkage credits within the LEED-ND certi-
fication and rating system.

Smart Location and Linkage credits make up more
than twenty-five percent of all possible credits within
the rating system, however Housing Types and
Affordability is only a subsection of Neighborhood
Pattern and Design worth just over six percent of all
ratings credits (U.S. Green Building Council 2014).
Smart Location and Linkage are important factors in
deciding LEED-ND site eligibility, but difficulty in
identifying project sites may be one of the reasons
that few LEED-ND sites have received certification
(Talen et al. 2013). Talen et al. (2013) recommended
identifying all LEED-ND eligible sites at the city level
rather than looking for individual site locations. This
method would provide a city-wide inventory of
LEED-ND ready parcels that could potentially make
LEED-ND more affordable, and certification more
attainable (Talen et al. 2013).

Researchers argue that the framework for the LEED-
ND rating system, now in its fourth (v.4) iteration, still
contains limitations that should be addressed (Mapes
and Wolch 2011; Berardi 2013; Boyle et al. 2018).
According to Garde (2009), LEED-ND accreditation may
be too easy to attain as developers may choose to focus
on specific ratings system categories that provide larger
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credits such aswalkability,while ignoringother items like
renewable energy (Garde 2009; Knack 2010). Boyle et al.
(2018) suggests that neighborhood sustainability assess-
ment (NSA) tools are becoming the preferred sustainable
development tools for both developers and urban plan-
ners. The authors examined three separate NSA tools
including LEED-ND. They found LEED-ND as an NSA
tool to be inappropriate for use in urban infill due to
the quantitative nature of the approach. They recom-
mendmodifying currentNSA tools like LEED-ND that rely
on rating systems so that they are ‘more socially oriented
and locally relevant’ (Boyle et al. 2018, p. 15). This would
be done by shifting away from a purely quantitative
rating system towards more qualitative methods, requir-
ing more civic involvement and incentives, and an over-
all more holistic approach that takes into consideration
the concerns of all stakeholders (Boeing et al. 2014; Boyle
et al. 2018). Similarly, Berardi (2013) conducted a study of
the rating systems for the same NSAs and found that all
of them failed to fully address the criteria of sustainabil-
ity. According to Berardi, all three of the rating systems
wereprimarily focusedonanenvironmental approach to
development, and that a more holistic approach that
addresses the dynamic nature of cities is necessary
(Berardi 2013). Mapes and Wolch (2011) shared
a similar sentiment while considering the uniformity
withwhich the LEED-ND framework approaches projects
regardless of physical scope. They recommend distin-
guishing between projects based on attributes such as
size or ambitions. Also of concern is the fact that
a developer may choose to only have a portion of their
project assessed, even if it is a relatively small part of
a much larger development (Mapes and Wolch 2011).

Several critics have noted the relative paucity of
points available for housing types and affordability
within the neighborhood pattern and design cate-
gory of the LEED-ND rating system. Currently,
housing types and affordability may only contri-
bute up to seven credits out of the 110 credits
possible (U.S. Green Building Council 2014b).
Garde (2009) concluded that too much weight
was given to project location in the rating system,
making it easy to certify projects that were well-
located even if housing types and affordability
were not considered. Despite this, Garde found
that 68.5 percent of the LEED-ND projects surveyed
included some affordable housing (Garde 2009).
Seven years later, Szibbo (2016) conducted
a similar study that reported only 40 percent of
LEED-ND certified projects included affordable

housing. Both projects concluded with suggestions
on how to strengthen the housing types and
affordable housing credits within the rating system.
Some of these suggestions include weighting the
housing credits more heavily, providing additional
credits for workforce housing, credit for providing
reduced utility pricing for low income households,
developing project goals for specific locations and
contexts, and making optional criteria mandatory
so that cost effectiveness would not dictate which
credits would be sought after (Garde 2009; Szibbo
2016). These investigations point to the shortcom-
ings of the LEED-ND rating system associated with
housing types and affordability. The relative insig-
nificance of the seven credits provided for volunta-
rily including various housing types and affordable
housing may not be enough to properly support
inclusivity or mitigate residential displacement fol-
lowing redevelopment.

2.2 Gentrification

Gentrification has been defined as a process in which
deteriorating urban neighborhoods, resulting from
years of public and private disinvestment, undergo
revitalization that brings about new affordable hous-
ing options for the middle-class, new infrastructure,
new amenities, and new job opportunities.
Neighborhood stabilization and the addition of new
amenities attracts new, middle-class (and, often,
white) gentrifiers who are better able to afford the
rising neighborhood housing and service costs. As
costs increase, the existing low income, and often
minority, residents are forced to relocate to less
desirable neighborhoods (Bates 2013; Marcus and
Zuk 2017; Zuk et al. 2018). Altaweel (2018) went so
far as to suggest that ‘gentrification can be seen as
social cleansing in which neighborhoods push out
lower income residents’ (Altaweel 2018, p. 1).

Residential displacement associated with gentrifica-
tion may cause significant distress for low income
families and individuals. Negative effects of residential
displacement includeharassment prior to eviction, being
forced to choose poor housing conditions as a trade-off
for relocation, a period of homelessness, relocating far
from their original homes, moving into areas with less
jobs, longer commutes, more environmental or safety
issues, and a generally traumatic experience for those
involved (Marcus and Zuk 2017). However, there may
also be benefits to existing residents who manage to
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remain in neighborhoods undergoing revitalization.
Neighborhood improvements associatedwithgentrifica-
tion may include lower violent crime, higher scores on
standardized testing within public schools, higher rates
of employment and income levels, and greater educa-
tional attainment (Dastrup and Ellen 2016).

Bates (2013) defined a new approach to mitigat-
ing the negative outcomes of gentrification by focus-
ing on racially inclusive development. This strategy
involves identifying how public investment affects
markets, and utilizing the public sector to anticipate
and regulate housing market changes. Washington
D.C. has introduced similar policies aimed at redu-
cing gentrification in areas experiencing large-scale
urban redevelopment. The primary foci of these poli-
cies include the preservation of affordable housing,
giving tenants the right of first refusal before
a building is sold, and treating residency rather
than ownership as the basic criteria for neighbor-
hood citizenship (Howell 2016). HUD has recom-
mended similar policy changes to preserve existing
affordable housing, encourage greater development
of rental units at various price points, encourage
regional cooperation and strategies, and engage
community residents (U.S. Department of Housing
and Urban Development 2016). These policies are in
line with Dale and Newman’s (2009) recommenda-
tions following research on the equity of urban
development and sustainability projects. The authors
concluded that truly sustainable design needs to
focus on its accessibility to a diverse group of people,
careers, and services. They suggest that this may be
achieved by including equity and livability policies
that are treated as distinctly different variables, and
that the inclusion of affordable housing in and of
itself is not enough to meet the needs of low income
households within sustainable urban developments
(Dale and Newman 2009).

Including existing residents in the planning pro-
cess of redevelopment is another key recommenda-
tion to support greater equity and inclusivity (Green
2014; Oliver and Pearl 2017). Without extensive invol-
vement between the city, residents, and developers,
a project may end up benefiting only the developer
and not existing residents (Green 2014). Oliver and
Pearl (2017) came to a similar conclusion in their
assessment of the LEED-ND and CASBEE NSA tools.
They argue that the inclusion of community consul-
tation and engagement within the framework of
LEED-ND and CASBEE was a positive addition, but it

comes up short of what is needed. The authors refer
to this as a ‘tick-box’ approach that should be reas-
sessed to encourage more collaboration between the
public, private investors, and third-parties (Oliver and
Pearl 2017). Along with a collaborative approach to
redevelopment, the developers themselves must also
be evaluated. Moore and Bunce ask, ‘who counts as
“developers”?’ (Moore and Bunce 2009, p. 605). They
suggest that true urban sustainability may only be
possible when private developers are kept in check
(Moore and Bunce 2009). Effectively addressing resi-
dential displacement resulting from gentrification is
a complicated process that includes both qualitative
and quantitative components. Given that one of the
stated goals of LEED-ND is social equity, and that
redevelopment under the guise of urban sustainabil-
ity and livability is increasingly common, it is worth-
while to assess whether LEED-ND development,
guided by the LEED-ND rating system, may be pro-
moting neighborhood gentrification.

3. Methods

This study focused on the same LEED-ND projects
examined by Smith and Bereitschaft (2016) and
included 246 proposed or certified LEED-ND sites
(Figure 1). Smith and Bereitschaft’s list of project
sites was chosen for analysis in lieu of using only
certified projects as few sites were certified prior to
2017. Also, only 2016 census data was available for
analysis at the start of this research study. Smith and
Bereitschaft (2016) determined that 114 LEED-ND
sites were in urban areas based on night-time light
intensity scores and land cover types. It was decided
to restrict the current study to only those LEED-ND
sites in urban locations as gentrification is often
associated with neighborhood change in urban
areas with concentrations of vulnerable, low-income
and minority groups (Marcus and Zuk 2017).

An online search for LEED-ND site master plans
was conducted prior to analysis. These master plans
were used to verify site locations and addresses, and
to determine the approximate center of each devel-
opment. Determining whether LEED-ND sites were
located within urban areas was done by geocoding
and mapping sites using ArcMap 10.4. All locations
were manually verified using the ESRI Aerial Imagery
basemap and the site master plans. Once the approx-
imate center of each development was marked, an
urban area TIGER/Line shapefile provided by the
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United States Census Bureau was added to the layers
(U.S. Census Bureau 2018b). All sites located within
urbanized areas as of the year 2000 were analyzed.
Sites in non-urban areas were removed to focus on
locations where gentrification was more likely.

After determining which LEED-ND sites met our
initial criteria, we used the site master plans to create
development boundaries around each site. These
boundaries, along with historical Google Earth Pro
satellite imagery, enabled the identification of those
sites that had undergone, or were undergoing, rede-
velopment since 2009. This step was necessary since
many of the projects listed on the USGBC website are
not yet certified. LEED-ND projects were placed into
one of four categories: completed, substantial com-
pletion, partial completion, or no progress. A project
was determined to be complete if construction
ended prior to 2017, and either a supporting article
marking completion was available, or an updated
aerial image indicated that construction was com-
plete. Projects categorized as having reached ‘sub-
stantial completion’ were between 50–99% complete
prior to 2017. This determination was based on
a comparison of the land area completed to the

land area yet to be developed within the site bound-
aries. The same approach was used for sites only
partially completed prior to 2017. Partial completion
sites were those sites that were less than 50% com-
plete. Finally, no progress sites included LEED-ND
sites that were listed on the USGBC website, but no
additional information could be found, or no pro-
gress could be observed using historic aerials.

Following data processing, it was decided that
only completed sites would be included in the
demographic analysis portion of the study since
residents may not be present in partially com-
pleted sites. Temporal analysis of the completed
LEED-ND sites relied on data from the 2000 census,
and the 2012–2016 American Community Survey
(ACS) 5-year estimate data (U.S. Census Bureau
2018a). The five-year aggregation of community
surveys provides the largest possible sample size
with the most reliability (U.S. Census Bureau
2018c). Nevertheless, it should be acknowledged
that the survey data itself was downloaded
through IPUMS NHGIS, University of Minnesota
(Manson et al. 2018). Eight socio-economic/demo-
graphic variables were employed to evaluate

Figure 1. Proposed or certified LEED-ND site locations from 2009 to 2016.
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neighborhood change: educational attainment,
median income, median rent, median value, aver-
age household size, median age, percent non-
white, and racial diversity. Census block group
level data was used to determine the scale of the
effects of LEED-ND sites on neighborhood change.

To more fully characterize the potential effects of
LEED-ND sites on existing neighborhood residents we
examined three separate spatial groupings of block
groups: site block groups, periphery block groups,
and all block groups (Figure 2). While demographic
data was not available for individual developments,
these data should be represented by the block group-
level data available through the ACS. Site block groups
included only the block group, or in some cases multi-
ple block groups, in which a LEED-ND site was con-
tained. If a site spanned multiple block groups, the data
for each block group was aggregated and averaged
such that only one data observation would exist for
that site. The site block group analysis provided data
on the potential impact of LEED-ND development on
the immediate neighborhood. Periphery block groups
included any block group that shared a border with
a site block group, but not the site block group itself.

Block groups that shared a corner with a site block
group were included with the periphery block groups.
Periphery block group values for each variable were
again aggregated and averaged to provide a single
value for each. The periphery block group analysis
was used to characterize neighborhood change in the
broader, surrounding neighborhood that may result
from LEED-ND site construction. The ‘all block groups’
category included the values of both the site block
group and periphery block groups. These values were
again aggregated and averaged for each LEED-ND site.
This final aggregation of data was used to determine
whether overall neighborhood change could be
detected when both the immediate and surrounding
site environs were considered.

Although census block groups provide the
proper neighborhood-scale for this analysis, it
should be noted that the smaller census aggrega-
tion units (particularly from the ACS) like block
groups and census tracts tend to be more prone
to sampling error than larger units such as places
and counties (Spielman et al. 2014; Spielman and
Folch 2015). This error will be most pronounced for
the single site block groups, but should be reduced

Figure 2. Example LEED-ND site illustrating site block groups, periphery block groups, and all block groups as they were combined for
analysis. This example, showing the ‘Park Avenue Redevelopment Block 3’ LEED-ND site near Denver, CO, was situated within two block
groups, so both block groups were treated as the site block group. The site block group(s) variable values were aggregated and averaged.

INTERNATIONAL JOURNAL OF URBAN SUSTAINABLE DEVELOPMENT 7



when aggregating several block groups together to
form the ‘all block groups’ category. Though imper-
fect, the ACS census data provides the best standar-
dized means of comparing change in neighborhood
demographics across cities over a multi-year period.

The demographic variables used to assess gentrifi-
cation were chosen following an in-depth review of the
literature. The Los Angeles displacement pressure
index, for example, included income, rent, education
level, household size, and race (Bousquet 2017). HUD
identified income, race, rent, educational attainment,
and age as indicators of gentrification (U.S. Department
of Housing and Urban Development 2016). Green
(2018) analyzed income, green development, and tax
incentives, but also recommended studying age, gen-
der, race, and education as demographic factors speci-
fically focused on brownfield redevelopment.

This study set out to determine whether statisti-
cally significant differences in levels of educational
attainment, median income, median rent, median
land values, average household size, median
age, percent non-white, and racial diversity occurred
in or around LEED-ND sites after development. Based
on previous findings, it is expected that the educa-
tional attainment level will increase as college edu-
cated individuals move into urban areas undergoing
gentrification (Zuk et al. 2018; Couture and Handbury
2017). Income, rent, and land values are also
expected to increase as redeveloping areas become
more desirable (Ellen and O’Regan 2011; Green TL
2018). Changes in household size may occur as well
as a decrease in median age in gentrifying commu-
nities as young, college educated gentrifiers seek
urban lifestyles (Bousquet 2017; Couture and
Handbury 2017). Finally, the percent of non-white
residents may decrease while racial diversity
increases, at least temporarily. Eventually, however,
diversity may decline as minorities become displaced
(Couture and Handbury 2017; Zuk et al. 2018).

All values for median income, median rent, and
median land value were inflation adjusted to 2016 so
the values for years 2000 and 2016 could be com-
pared. The Consumer Price Index was used to adjust
all monetary values with respect to inflation (U.S.
Bureau of Labor Statistics 2018). Racial diversity was
calculated using Simpson’s (1949) diversity index:

(D1) = 1 – pᵢ2

Where D₁ is diversity and pᵢ2 is the summation of the

squared proportions of each racial and/or ethnic
group compared to the total population of indivi-
duals. A diversity value close to 1 is considered highly
diverse; a value close to 0 indicates little or no diver-
sity. The Simpson Diversity Index is expected to per-
form well when dealing with multiple, separate sites
(Morris et al. 2014).

Descriptive statistics were calculated for all vari-
ables to quantify socioeconomic and demographic
changes. Variables also underwent statistical signifi-
cance testing at the 95 percent confidence level
utilizing paired t-tests. Block groups with missing
data were removed from the dataset for both sample
years so that the sample sizes would remain the
same. Finally, variables that experienced statistically
significant change underwent correlation analysis to
determine the relationship between demographic
changes at the city level versus the ‘all block groups’
data level for LEED-ND sites. More rapid change in
demographic characteristics over the study period at
the neighborhood level relative to the surrounding
city would provide additional evidence of localized
gentrification.

This research aims to characterize the effects of
urban LEED-ND sites on nearby neighborhood socio-
economic and demographic composition. Specifically,
we ask: do block group demographics change signifi-
cantly in areas affected by LEED-ND developments, and
if so, is gentrification commonly indicated by these
changes? Additionally, are LEED-ND projects being
built in a variety of neighborhoods with varying demo-
graphic and socio-economic profiles, or are they con-
centrated in particular types of neighborhoods? It is
hypothesized that LEED-NDdevelopments are catalysts
of neighborhood gentrification, and that the extent of
the effects of redevelopment reach beyond the bound-
aries of the immediate block groups in which they are
sited.

4. Results

4.1 Locational analysis

A total of 225 LEED-ND sites were found located
within urban area census boundaries. Using aerial
imagery and/or articles announcing site completion
or progress, 61 sites were determined to have been
completed, 31 sites had reached substantial comple-
tion, and 53 sites showed signs of being partially
completed by the end of 2016. An additional 101
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sites were removed from the analysis because either
site progress began after 2016, or site progress could
not be verified. Of the 61 completed sites (Figure 3),
59 were used in the demographic analysis. The
‘Simpson Wisser Fort Shafter’ and ‘Hawaii Regional
Housing PPV Increment 2’ projects were removed
from the sample because they consisted of on-base
military housing. It was assumed that the demo-
graphic profiles of these neighborhoods would
remain fairly constant before and after development.

LEED-ND sites were located in a variety of urban
neighborhoods with a wide range of demographic
profiles (Table 1). For instance, only 1.19 percent of

residents in and around the ‘Sustainable Fellwood’
development in Savannah, GA held a bachelor’s
degree or higher in 2000 while 90.5 percent of resi-
dents in the ‘PHS District Neighborhood the Presidio’
development near San Francisco, CA held the same
degree or higher. Likewise, land values ranged from
$1.36 million for the ‘PHS District Neighborhood the
Presidio’ to just $44k in the ‘9th and Berks Street
TOD’ development in Philadelphia, PA.

Regarding diversity, many LEED-ND site locations
exhibited relatively homogenous populations. For
instance, ‘Powell’s Pointe’ in Augusta, GA was almost
entirely comprised of an older population of black

Figure 3. Completed LEED-ND sites in the United States (Sites may not be certified).

Table 1. LEED-ND site variable ranges, national mean values, and urban area mean values for the 59 sites analyzed in this study based on
2000 census data. Monetary data was inflation adjusted to reflect 2016 values.

Variable Site Min Site Mean Site Max National Mean Urban Mean

Bachelor’s Degree (%) 1.19 20.82 90.49 24 16.87
Median Income ($) 18,558 52,648 155,436 58,763 48,057
Median Rent ($) 293 844 2,028 839 542
Median Land Value ($) 44,231 279,091 1,359,967 166,750 91,228
Household Size 1.24 2.36 3.72 2.59 2.53
Median Age 22.87 34.12 43.56 35.3 35.69
Non-white (%) 6.15 53.44 99.34 30.87 23.82
Simpson’s Diversity Index Value 0.05 0.40 0.64 0.49 0.28
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residents with low educational attainment, low
income, low land values, low rent, and limited diver-
sity. By contrast, the Village at Taylor Pond was pri-
marily comprised of older, white residents with high
incomes, land values, rent, and educational attain-
ment. While the percent of non-white residents in
LEED-ND location block groups was more than
twenty percent higher than the national mean,
Simpson’s Diversity Index value was nine percent
lower than the national mean. In general, the
mean percent of residents with a bachelor’s degree
or higher, median income, average household size,
median age, and diversity associated with the areas
in and around LEED-ND sites was lower than the
national average (Table 1).

Median rents, median land values, and the percent
of non-white residents found in and around LEED-ND
sites were higher than the national means. Compared
with the national urban area means, educational
attainment, median income, median rent, median
land values, percent non-white, and diversity values
were all higher around LEED-ND sites. Household size
and median age were lower around LEED-ND sites
than they were compared to the national urban area
means.

4.2 Block group demographic analysis

The block group level analyses provided insight into
the demographic changes associated with LEED-ND
projects at various geographic scales. At the site
block group level, the variables percent bachelor’s
degree and median rent experienced statistically sig-
nificant change between the years 2000 and 2016
(Table 2). Mean percent bachelor’s degree increased
significantly (p < 0.01) from 15.4 to 23.8 percent. Of
the 59 sites analyzed, 45 completed sites experi-
enced an increase in level of educational attainment
while 14 decreased. The change in median rent was
also significant and positive (p = 0.013) with an
increase of $257, from $873 in 2000 to $1,129 in
2016 (in 2016 dollars). Of the 58 sites analyzed, 46
LEED-ND sites experienced an increase in average
rent. Median income, median land value, median
age, and Simpson’s Diversity Index values all
increased over the 2000 to 2016 time period, but
none were statistically significant at this level.

The periphery block group level analysis returned
similar statistically similar results with the addition of
another variable. Percent bachelor’s degree, median
rent, median land value, and Simpson’s Diversity
Index experienced statistically significant increases
(Table 3). The mean percent bachelor’s degree

Table 2. Site block group demographic means and statistical significance results.

Site Block Group
Variables Samples Mean 2000 Mean 2016 Difference T-Value P-Value

Bach Degree (%) 59 15.35 23.81 8.46 3.40 0.001***
Median Income ($) 58 46,204 51,918 5715 0.97 0.332
Median Rent ($) 58 873 1,129 257 2.54 0.013**
Median Land Value ($) 44 295,871 338,550 42,679 0.64 0.527
Household Size 59 2.27 2.17 −0.10 −0.80 0.427
Median Age 59 34.42 35.79 1.37 0.86 0.393
Non-white (%) 59 56.68 54.00 −2.68 −0.049 0.627
Simpson’s Diversity Index Value 59 0.43 0.47 0.04 1.29 0.199

* p < 0.10, ** p < 0.05, *** p < 0.01

Table 3. Periphery block group demographic means and statistical significance results.

Periphery Block Group Variables Samples Mean 2000 Mean 2016 Difference T-Value P-Value

Bach Degree(%) 59 17.50 23.02 5.52 2.62 0.010**
Median Income ($) 59 53,603 60,059 6,456 1.15 0.254
Median Rent ($) 59 838 1,117 279 3.62 0.000***
Median Land Value ($) 58 191,744 339,802 148,058 3.64 0.000***
Household Size 59 2.38 2.38 0.00 0.04 0.964
Median Age 59 34.17 35.08 0.906 1.08 0.282
Non-white (%) 59 53.28 53.16 −0.11 −0.02 0.982
Simpson’s Diversity Index Value 59 0.39 0.45 0.05 2.01 0.047**

* p < 0.10, ** p < 0.05, *** p < 0.01
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changed significantly and positively (p = 0.01),
increasing 5.5 percent from 17.5 to 23 percent. Only
seven of the 59 LEED-ND sites experienced decreases
in the level of educational attainment at the periph-
ery block group level while 52 sites exhibited
increases. Median rent also increased significantly
and positively by $279 from $838 to $1,117. Of the
59 sites where rent was analyzed, 56 sites experi-
enced increases, while only three experienced
decreases. Median land value also increased signifi-
cantly and positively by $148,058 from $191,744 to
$339,802. Of the 59 sites, 54 experienced positive
changes in land value, 4 experienced decreases, and
one site had no data available for analysis. The

Simpson’s Diversity Index value also increased signif-
icantly (p = 0.047) from 0.393 to 0.448. Of the 59
completed sites, the diversity value of 43 sites
increased while it decreased in 16 locations. Percent
non-white remained largely unchanged between
2000 and 2016, decreasing only 0.1 percent from
53.3 percent to 53.2 percent. Median income, median
land value, and median age all increased, but not
significantly.

Finally, the analysis involving ‘all block groups’ pro-
vided a macro level view of the effects of LEED-ND sites
on the surrounding neighborhood by considering
those containing the site as well as adjacent block
groups (Table 4). Median rent was the only variable to

Table 4. All block group demographic means and statistical significance results.

All Block Group Variables Samples Mean 2000 Mean 2016 Difference T-Value P-Value

Bach Degree(%) 59 20.82 23.28 2.46 0.86 0.391
Median Income ($) 59 52,648 58,827 6,179 1.12 0.264
Median Rent ($) 59 844 1,115 271 3.49 0.001***
Median Land Value ($) 58 279,091 337,739 58,648 1.28 0.202
Household Size 59 2.35 2.35 −0.00 −0.03 0.973
Median Age 59 34.12 35.22 1.10 1.29 0.199
Non-white (%) 59 53.44 53.17 −0.27 −0.05 0.956
Simpson’s Diversity Index Value 59 0.40 0.45 0.05 1.96 0.053*

* p < 0.10, ** p < 0.05, *** p < 0.01

Figure 4. Completed LEED-ND site percent change in median rent at the all block group level from 2000 to 2016.
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exhibit statistically significant change when the data
were aggregated in this way, with an increase from
$844 to $1,115 per month. Of the 59 completed LEED-
ND sites, 47 experienced increases in median rent
values while 12 saw decreases (Figure 4). Household
size and percent non-white decreased between 2000
and 2016, but neither change was statistically
significant. Percent bachelor’s degree, median income,
median land value, median age, and Simpson’s
Diversity Index values all increased, but again none of
the increases were statistically significant. However, the
increase in diversity was just outside the statistically
significant threshold (p = 0.053).

Although not statistically significant, LEED-ND
neighborhoods also experienced a noticeable rise in
median income, increasing $6,179 (12 percent) from
$52,648 to $58,827. Between 2000 and 2016, 38 sites

experienced an increase in median income while 21
saw a decrease at the all block group level. Median
land values alsoincreased, and by an even greater
amount (21 percent) from $279k to $338k.

4.3 Neighborhood vs. city demographic change

Three of the four variables that exhibited significant
change over the study period (rent, median land value,
and Simpson’s Diversity index) in the neighborhoods
encompassing LEED-ND sites (i.e. the ‘All LEED-ND
block groups’ data layer) changed by an amount similar
to the cities in which they were located (Figure 5). The
slope of the trend line indicates that, for those LEED-ND
neighborhoods located in a citywherepercent change in
rent is less than 80 percent (which included all cities
within the sample), the change in rent may be expected
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Figure 5. Correlation analysis comparing changes in A) rent, B) median land value, C) Simpson’s Diversity Index, and D) % bachelor’s degree
at the city level to the ‘all block groups’ level of LEED-ND sites.
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to exceed that of the encompassing city. The rate of
change in median land value and Simpson’s diversity,
however, were similar for LEED-ND neighborhoods and
their encompassing cities, and no significant correlation
was observed between the two spatial scales for percent
change in educational attainment (%BA+). Taken
together, the evidence suggests that demographic
change observed around the LEED-ND sites cannot be
fully explained by the broader socio-economic and
demographic changes at the city scale, though most
variables did exhibit similar, and significantly correlated,
increases.

5. Discussions and conclusions

This study set out to determine whether block group
demographics changed significantly in areas affected
by LEED-ND developments, and if so, whether these
changes are indicative of gentrification. It was
hypothesized that LEED-ND developments would
impact demographics within both immediate and
adjacent neighborhoods, and that these changes
would suggest some degree of gentrification. In
one or more analyses, we observed statistically sig-
nificant changes to educational attainment, median
rent, median land value, and Simpson’s Diversity
Index values between 2000 and 2016. These results –
particularly those of increasing education, rent, and
land value – support the hypothesis that LEED-ND
developments may serve as catalysts of neighbor-
hood gentrification (Zuk et al. 2018; Couture and
Handbury 2017). Increases in diversity may also
point to gentrification as this process often occurs
in areas containing concentrations of segregated
minority groups (Marcus and Zuk 2017; Zuk et al.
2018). While the changes in percent non-white
were not statistically significant, the percent of non-
white residents decreased at all three geographic
levels. Thus, increases in diversity may occur as
a result of the introduction of new residents whom
are frequently white (Baker and Lee 2017).

It was expected that if LEED-ND sites were cata-
lyzing gentrification then significant changes would
also have been observed in median income, median
age, average household size, and percent non-white
(Bousquet 2017; Pudlin 2016; U.S. Department of
Housing and Urban Development 2016; Bates 2013).
One possible explanation as to why we did not
observe a significant change in these variables is

the limited temporal scope of this research. The
LEED-ND sites began construction in 2009 and
many of the completed sites have only just recently
reached completion. Given the short temporal dura-
tion between site construction/completion and the
2016 dataset used in this study, it is possible that not
enough time had elapsed for redevelopment to sig-
nificantly influence neighborhood demographics.
However, although none of these variables experi-
enced significant change, percent non-white
decreased, while median income values increased,
as expected. The positive increases in median income
along with the decrease in non-white population are
in agreement with previous gentrification research
(Dale and Newman 2009; Bates 2013; Zuk et al. 2018).

Notably, statistically significant changes in median
rent values were observed across all three geo-
graphic scales, statistically significant changes in edu-
cational attainment were seen at the site block group
and periphery block group levels, statistically signifi-
cant changes to land value were seen at the periph-
ery block group level, and statistically significant
changes to diversity values were also seen at the
periphery block group level. Admittedly, some of
the change in socio-economic and demographic
characteristics observed around LEED-ND sites over
the study period are linked to broader changes in
their surrounding cities. The increase in rent, how-
ever, was generally greater for LEED-ND sites than for
their surrounding cities, providing evidence of gen-
trification in these neighborhoods.

One explanation as to why median rent changed
at all three geographic levels, but educational attain-
ment, land value, and diversity did not, is that these
sites are merely experiencing the first phases of gen-
trification. As observed in other studies, rent and land
value increases are often associated directly with
redevelopment as reinvestment in site amenities
and infrastructure increases the desirability of an
area and attracts higher-income residents (Ellen and
O’Regan 2011; Zuk et al. 2018). This increased desir-
ability then attracts new, middle class white gentri-
fiers into the area. As more gentrifiers move into the
LEED-ND sites, it’s expected that educational attain-
ment and diversity will continue to increase in step
(Zuk et al. 2018; Couture and Handbury 2017).
Importantly, the findings of this study suggest that
LEED-ND sites may spur gentrification beyond their
immediate block groups and well into peripheral
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block groups. Additional consideration should there-
fore be given to how development will affect sur-
rounding areas.

It is important to consider that reinvestment and
subsequent neighborhood change, whether promoted
by large-scale developments like those associated with
LEED-ND or otherwise, are not universally detrimental to
local communities. Indeed, cities are often willing to
work with developers, using tax increment financing
(TIFs) and other incentives to revitalize struggling areas
and grow the local tax base (Dale and Newman 2009;
Fainstein 2010; Squires and Lord 2012). The primary
concern is that equitable consideration is seldom given
to existing and lower-income residents, nor is there often
adequate inclusion of the local community in planning
decisions. With a stronger focus on social inclusivity, the
LEED-ND certification process could become an addi-
tional tool for local municipalities looking to advance
social as well as economic and environmental
sustainability.

A final question this study sought to address was
whether LEED-ND projects were being built in
a variety of neighborhoods with varying demo-
graphic and socio-economic profiles, or if they were
concentrated in particular types of neighborhoods.
The locational analysis portion of this study deter-
mined that LEED-ND developments are typically
found within urban areas, and that they are sited in
a variety of urban neighborhoods with various demo-
graphic profiles. Out of the original 246 sites studied
in this analysis, 225 were found to be contained
within the 2000 census urbanized area boundaries.
This is in line with Smith and Bereitschaft (2016)
findings as they identified 204 out of 246 sites were
found within urbanized areas based on night-time
light intensity values. Demographically, LEED-ND
sites were found located in a variety of urban neigh-
borhoods with a wide range of demographic profiles.

The results of this study in combinationwith previous
research on redevelopment may be used to re-evaluate
existing development policies and procedures (Dale and
Newman 2009; Szibbo 2016). As mentioned, the LEED-
ND rating systemmaynot sufficiently promote its goal of
achieving greater social equity as little consideration is
given to housing types and affordability, let alone the
likely effects of gentrification. The LEED-ND rating system
provides up to seven credits for the inclusion of various
housing types and affordable housing, but as of now, the
inclusion of affordable housing is optional. Even if the
inclusion of affordable housing was a mandatory

requirement, it is not always sufficient to mitigate gen-
trification (Dale and Newman 2009).

The socioeconomic and demographic make-up of
neighborhoods should be considered before, during,
and after redevelopment to better plan for, and reduce,
gentrification-led displacement. Possible changes to the
LEED-ND rating system could include an affordable
housing mandate that is weighted similarly to that of
Smart Location and Linkage. Another change to the
ratingsystemcould include theadditionofacomponent-
(s) directly aimed at identifying areas susceptible to gen-
trification, and the development of a gentrification
mitigation plan. This could be done using
a displacement index similar to those used by the Los
Angeles Innovation Team or Portland’s Bureau of
Planning and Sustainability (Bousquet 2017). Once
areas susceptible to gentrification are identified as
potential LEED-ND sites, it would be necessary to devise
a location-specific gentrification mitigation plan that
would involve all stakeholders. Previous research has
shown that a collaborative approach to development
that involves existing residents, city and planning offi-
cials, developers, non-profit organizations, and other
stakeholders is necessary to advance community sustain-
ability (Green 2014; Oliver and Pearl 2017).

This research provides evidence that LEED-ND is
indeed functioning as a catalyst of neighborhood
gentrification. It is important, however, to consider
that gentrification is a process, and that this study
was constrained temporally. As such, future research
could re-evaluate this group of LEED-ND sites, per-
haps five or ten years from now, and determine if
gentrification has in fact advanced. Additional com-
pleted LEED-ND sites should soon be available for
analysis, providing a larger dataset from which to
draw upon. LEED-ND and its rating system represent
a widely-embraced strategy to enhance neighbor-
hood sustainability and economic vitality, but the
USGBC’s current system of assessment may have
a darker side: a tendency toward gentrification and
reduced inclusivity.
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