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Abstract. The building sector has a key role in the urban transition since changing
from a conventional building stock to a green one is critical for the reduction of
emissions. Currently, there is a noticeable difference in costs between conventional
and green buildings that is eventually reflected in the final price, this gap can be
interpreted as the costs of urban transition in the building sector. This difference in
costs can be assumed either by the private sector, the government, or a combination
of both. This article explores the most important factors that define the distribution
of green-certified buildings as a proxy for urban transition at the neighbourhood
level in a context where most green buildings are developed by private investors
and where these practices are mainly concentrated in the centric and wealthiest
neighbourhoods. To achieve this, the paper uses a case study of the city of Boston,
where there is a high density of green-certified buildings. The article proves the
pertinence of using LEED-certified buildings as a proxy to estimate the costs of
urban transition and how their variables influence the final price, identifies the
main factors that define the distribution of LEED-certified buildings in Boston’s
neighbourhoods and finally presents a first approximation to estimate the risk
of green gentrification at the neighbourhood level. The paper expects to provide
arguments to policymakers to invest and stimulate the presence of green-certified
public buildings and housing in vulnerable neighbourhoods to achieve a more
egalitarian urban transition and reduce the risk of green gentrification.

Keywords: Green Gentrification - Costs of Transition - Green Certified
Buildings

1 Introduction

The building sector is the largest contributor to greenhouse gas emissions, representing
roughly 30% of global emissions (Si-Wei and Gou, 2023). In the case of developed
countries, cities such as Boston can reach 71% of the total emissions (Global Covenant
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of Mayors, 2023). Reducing the emissions of the building sector plays a key role in
sustainable development and achieving climate neutrality (Fastenrath and Braun 2018).
Transitioning and upgrading to green buildings has become the dominant trend in recent
times in the sector, supported by both soft and hard incentives such as subsidies and
regulations (Si-Wei and Gou, 2023). A green building can be defined as the practice of
creating structures and using processes that are environmentally responsible by using
less energy and water, as well as using materials with less environmental impact and
regenerative potential (Wen et al. 2020) (Liu et al. 2022). The growth of green build-
ings in cities is part of the “urban transition agenda”, which is a global strategy aimed
at addressing the global environmental crisis and moving towards climate neutrality
(Affolderbach and Schulz 2018).

It is estimated that green buildings can decrease operational costs by up to 37%,
have up to 23% higher occupancy rates, have higher rental income of up to 8%, and
have faster sale times (Sokolowski, Maheshwari, and Malik 2019). As a result, there
is a growing demand for green buildings worldwide (Tsai 2022). To address this trend,
green building rating systems have emerged, aiming to provide standardized assessment
and certification for various types of constructions. Currently, around 600 frameworks
are used to evaluate and certify green buildings around the world (Si-Wei and Gou,
2023). While BREEAM (Building Research Establishment Environmental Assessment
Method) and LEED (Leadership in Energy and Environmental Design) maintain promi-
nent positions as widely recognized certification schemes worldwide (Si-Wei and Gou,
2023). BREEAM certification currently has 535,000 certified buildings and its pres-
ence is predominant in the European continent (BreGroup 2023). On the other hand,
LEED certification has more than 100,000 certified buildings and is the most popular
certification framework in the United States (U.S. Green Building Council 2022).

Green-certified building features have been proven to be aligned with the efforts
to achieve climate neutrality and can be a reference to understanding the urban transi-
tion processes in cities (Affolderbach and Schulz 2018). Firstly, there is a clear synergy
between green-certified buildings such as LEED and the Sustainable Development Goals
(SDGs), mainly related to sustainable consumption and production (Goubran et al. 2023).
The upgrade and transition of the conventional building stock to a green a high perfor-
mance one represents a significant cost that has to be assumed by the private developers,
public authorities or a combination of both (Haldrup and Snéllfot 2014). Studies suggest
that green building cost premiums can reach 21% in comparison with the conventional
ones, which are reflected in the final sales price (Dwaikat and Ali 2016). In the United
States, LEED-certified buildings have a higher average market sales price per square
foot of 21.4% over non-LEED buildings (Cushman and Wakefield 2021). This gap can
be interpreted as the costs of urban transition in the building sector.

Since the development of green buildings is largely dependent on the private sector
(Haldrup and Snéllfot 2014), and the cost premiums are mainly assumed by real estate
developers who transfer the costs to the real estate buyer, leading to an increase in the
land values (Dwaikat and Ali 2016) in places with a high concentration of green cer-
tified buildings and other green amenities. This situation can contribute to the “green
gentrification” in cities, which occurs when the installation of new, improved, or reme-
diated urban green spaces attracts increased investment and developer attention, forcing



New Gentrification Patterns in the Context of Urban Transition 37

residents who are unable to adapt to the increased costs of living to relocate to periph-
eral areas and excluding them of the benefits of green buildings and green spaces and
infrastructures in general (Sax, Nesbitt, and Quinton 2022). This provokes a conflict
between the ambitions of local governments and their targets for lower CO2 emissions,
higher energy standards (energy efficiency) and advances towards “green cities” (Hal-
drup and Snillfot 2014) for all their residents and the needs of the market to allocate
green buildings in neighbourhoods that can provide the highest profit.

Public financed green buildings play a key role in the fair distribution of this practice
to make it accessible to all, regardless of their income and geographical location (Gupta
2015) (Peng and Bai 2021). However, investments in green building development in
the public sector for the short, medium, and long term are hampered by the fact that
there is often insufficient long-term real estate management in the public sector (Vlaams
Energiebedrijf 2019). This provokes a slow and inefficient implementation of green
buildings in the sector. Local governments, in collaboration with private developers,
are responsible for the development of public green affordable housing (Gupta 2015).
To avoid the increase in the final price of green-certified social housing and to remain
affordable for vulnerable populations, local governments can provide incentives to assist
developers in building sustainable housing, such as making it easier to obtain planning
permission (Gupta 2015) (Peng and Bai 2021). In addition, financially incentivizing
the greening of social housing along with local incentives will encourage developers to
increase their participation in the sector (Gupta 2015). As an example, whereas some
cities require developers to allocate a proportion of development to social housing,
similarly green measures can be regulated, and the provision of green housing can be
incentivized (Gupta 2015). Finally, economic and market-based instruments, such as tax
exemptions and reductions, can be complementary to regulatory and control instruments
(Tsai 2022). It is critical a bigger participation of the public sector in the development of
green buildings to ensure a fair distribution of them as green buildings, infrastructures
and spaces and avoid green gentrification processes.

Considering this background, the paper argues that when the costs of transition as
reflected in green-certified buildings are assumed by the private sector can lead to an
uneven distribution of them and increase the risk of green gentrification in vulnerable
neighborhoods when new privately financed green-certified developments arrive in the
area and provoke the eventual displacement of the original population who cannot afford
the new housing and living prices. This situation calls for a favourable public policy
framework aimed at stimulating the desired market behaviour and the strengthening
of the presence of publicly financed green-certified buildings. The reviewed literature
outlines the challenges and risks of exclusion cities face in their efforts to renew their
conventional building stock into a greener and more high-performance one to contribute
to the objective of achieving climate neutrality, and the relevance to quantify the costs
of urban transition that cities in collaboration with private developers should assume.
For this reason, it is important to provide tools and methodologies to support a better
understanding of the phenomenon and help decision makers to act in consequence. The
paper attempts to answer the following question: Which are the most important factors
that define the distribution of green-certified buildings as a proxy for urban transition
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at the neighbourhood level in a context where most green buildings are developed by
private investors?

Specifically, the paper seeks to understand where the green-certified buildings such
as LEED and by association urban transition concentrate and how they are distributed in a
mainly market-driven system and identify where public authorities can interfere to ensure
that all citizens benefit from the benefits of greener and sustainable neighbourhoods and
reduce the risk of green gentrification. Also, the paper seeks to prove the synergies
of LEED-certified buildings and urban transition and the level of influence of their
variables in the final price of buildings, to use LEED-certified buildings as a proxy to
explain processes and to quantify the possible costs of urban transitions. For this purpose,
the paper proposes a multidisciplinary analytical approach using the city of Boston as
an exploratory case study. The data was obtained from sources from private and public
organisations. The choice of the city of Boston as a case study is explained because
of its high density of green-certified buildings, more specifically LEED-certified (503
by October 2023) of different typologies that allow an adequate data set to execute the
required analyses and that majority of these buildings are privately owned and developed
representing 95.5% of the total. Also, the diversity of the 23 neighbourhoods of the city
allows a better understanding of the distribution of green-certified buildings by providing
enough diversity in relevant factors such as socioeconomic composition and geographical
distance.

The paper is structured as follows. The literature reviews the challenges cities may
face in their efforts to renew their conventional building stock into a greener and more
high-performance one, the risks of green gentrification in cities, LEED certification
as a standard to define green buildings, and the relevance to quantifying the costs of
urban transition that cities in collaboration with private developers should assume. The
methodology section explains the proposed steps and materials the paper follows to
present their results. It also provides the context of the city of Boston and the presence
of LEED-certified buildings in the city using maps and diagrams. The results section,
supported by multiple regression and correlation analyses, first identifies the influence of
LEED-certified variables in the final price and the weight of each of them. Subsequently,
identify the main factors and their weights that define the distribution of LEED-certified
buildings in the neighbourhoods of the city and finally identify the most vulnerable
neighbourhoods to green gentrification through a first approach of a green gentrification
risk index. The discussion and conclusion section argues the relevance of a favourable
public policy framework aimed at stimulating the desired market behaviour for a fair
distribution of green-certified buildings to avoid the negative effects of green gentrifica-
tion and calls for the strengthening of the presence of publicly financed green-certified
buildings to provide the benefits of greener neighbourhoods to all the inhabitant of the
city disregarding their income.
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2 Literature Review

2.1 The Challenges of Transforming the Conventional Building Stock
into a Green One

It is widely accepted that transforming the conventional building stock into green and
high-performance is the right path to achieve climate neutrality by 2050 (Tsai 2022)
(European Commission 2019). Nevertheless, the implementation of green buildings in
cities is not easy. The difficulty for cities to adopt faster green buildings can be explained
because of five main barriers (Darko et al. 2017). The first barrier is the evident eco-
nomic challenges presented as one of the biggest barriers to sustainable design and
construction in the US and other countries (Simpeh et al. 2021). The construction cost
of green buildings can be as high on average as 30 USD/m2 (Liu et al. 2022). In the case
of LEED-certified buildings, there can be additional costs to achieve the certification
requirements contributing to a possible low construction profitability and long payback
periods (Ugur and Leblebici 2018). In developing countries such as China and India,
there is a clear lack of demand for green buildings due to the elevated costs (Ugur and
Leblebici 2018). The second barrier is related to the surrounding environment which can
directly affect the full performance of green-certified buildings such as LEED affected
by factors such as relative humidity, air temperature and velocity and average radiation
temperature (Darko et al. 2017) (Ciner and Dogan-Saglamtimur 2019). The third barrier
is the technological challenges like the lack of widespread use of technologies, such as
green roofs, climate efficient windows, solar shading devices, solar water heaters, and
water treatment plants. Also, the use of new design tools for green building design such
as Building Information Modeling (BIM) technology is not widespread (Chakravarthy
et al. 2022). The fourth barrier is the institutional and policy challenges. National and
local financial incentives are not sufficient to effectively motivate a bigger investment in
green buildings. The fragmentation of legal and institutional frameworks hindered the
development of green building development because of the lack of unified regulations
and standards. Minimum legislation and penalties for non-compliance for the adoption
of green practices in the building sector (Darko et al. 2017) (Gupta 2015) (Ayarkwa et al.
2022). The fifth and final barrier is the social-cultural challenges like the lack of aware-
ness and overall sustainability knowledge and understanding for private developers and
civil society of the long-term benefits of green buildings. Also, the ineffective collabora-
tion among the different involved stakeholders in the green building scale-up process and
the lack of public participation calling for a wider adoption of green buildings (Darko
et al. 2017).

These barriers call for a better diffusion among decision-makers and civil society
of the main benefits of adopting green buildings which are greater water and energy
efficiency, and an improvement of the image and reputation of governments and the
private sector. It suggested that the most important strategies to promote the adoption of
green buildings are financial and better market-based incentives and better availability
of information on the long-term benefits of green buildings.
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2.2 An Approximation for the Costs of Urban Transition

Recent analysis suggests that low-carbon urban actions represent a USD 16.6 trillion
economic opportunity worldwide (Floater et al. 2017). The value of the overall green
building market is estimated to be USD 49 billion with an anticipated market value of
USD 140 billion by 2013 (Tatari and Kiigiikvar 2011). Financing mitigation actions such
as stimulating a bigger presence of green buildings in cities are critical to achieving the
reduction of emissions and eventual climate neutrality pathway (Tsai 2022). In general,
the implementation of green buildings comes at an additional cost that is likely to be
incompatible with rational economic behaviour that seeks to maximise profits (Haldrup
and Snillfot 2014). This creates a conflict with public authority’s ambitions to create
greener and more resilient cities in the context of the climate change emergency. Specif-
ically, the objective of refurbish existing buildings and upgrade urban space to fit the
“green city” ambition. Direct funding, such as grants and subsidies, can be a feasible
financial instrument to enable authorities to conduct climate mitigation projects. Sub-
sidies are provided in many countries to develop new green buildings or retrofit them
following green design criteria to decarbonize existing building stock. Relevant stud-
ies have found that the design of subsidy is key to maximizing carbon reduction and
achieving an equal distribution of green buildings and practices in cities that are largely
dependent on the private sector since transitioning the building stock is to be financed
by the market. This is relevant considering that the costs of the implementation of new
policies to enforce the presence of such as a new green building code can increase the
construction costs by 10.77% as the case in the state of California (Kim, Greene, and
Kim 2014). This does not consider the extra cost that may imply having the building
green-certified by relevant organizations like LEED or BREEAM.

The costs of green buildings can reach 21% representing a relevant factor for private
and public developers to invest in this type of buildings (Dwaikat and Ali 2016). In
the United States the most popular certification which is LEED the construction costs
can increase from 7.43% to 9.43% (Cushman and Wakefield 2021). This difference
grows considering that LEED-certified buildings have 21.4% higher average market
sales (Cushman and Wakefield 2021). This can be interpreted first as the reputational
premium that LEED represents and the value that the market and the final users are
willing to pay to have, use and live in green-certified buildings.

2.3 The Risks of Green Gentrification

Interventions aimed to increase and improve green spaces and practices have been proven
beneficial for the health and overall well-being of citizens (Cole et al. 2017). Despite
this potential, however, studies have revealed inequities in the distribution of the benefits
of urban green practices among residents (Shonkoff et al. 2011) (Rigolon and Németh
2019). Green gentrification occurs when the installation of new, improved, or remediated
urban green spaces such as parks, water bodies and green buildings attracts increased
investment and private developers’ attention, eventually increasing the land value of a
neighbourhood or an urban area (Sax, Nesbitt, and Quinton 2022). This situation forces
residents who are unable to adapt to the increased costs of living to relocate to more
affordable locations, excluding them from the benefits of green practices. In the absence



New Gentrification Patterns in the Context of Urban Transition 41

of physical displacement, it’s possible a psychological exclusion manifested as a sense
of exclusion among residents, increasing barriers to green space access, or a change in
the qualities and uses of these spaces (Sax, Nesbitt, and Quinton 2022).

As cities are increasingly looking to urban greening to achieve their sustainabil-
ity and carbon reduction objectives. Concerns have emerged that green gentrification
will become an increasingly relevant topic in urban planning (Zuniga-Teran et al. 2021).
Without proper consideration by public authorities for the potential adverse socio-spatial
changes elicited by urban greening, the displacement of historically vulnerable residents
will remain a prominent threat (Anguelovski et al. 2018). Studies suggest some reasons
why injustices exist around the distribution of green practices which include green build-
ings. First, socio-economic factors play a key role. Minority and low-income groups
have disproportionately less access to green space and green practices (Sax, Nesbitt,
and Quinton 2022). This phenomenon can be partially explained by historic practices
associated with land use, zoning, and housing patterns. Low-income communities gen-
erally attract less public investment and face greater challenges associated with legacy
pollution (Taylor 2011). On the policy-making side, the lack of equitable investment
across the city is reflected in the zoning, land use, and housing plans that fail to provide
the necessary urban green infrastructure to achieve equity in the distribution of green
practices (Ferguson et al. 2018). This situation calls for public authorities to consider
and assess their unbalanced power structures, democratize their decision-making pro-
cesses regarding the implementation of green practices, and leverage the benefits on
green practices investments.

2.4 LEED Certification

The Leadership in Energy and Environmental Design (LEED) certification stimulates
sustainable building design that includes reductions in energy, water, and building mate-
rials consumption, while at the same time enhancing occupant health and overall commu-
nity connectivity (USGBC 2022). LEED certification is one of the most common rating
systems for green buildings worldwide (Mady 2017). It provides a framework that real
estate developers can apply to create healthy, highly efficient, and cost-saving green
buildings. LEED certification is a recognized symbol of sustainability achievement all
over the world with 100,000 certified buildings by 2022 (USGBC 2022). LEED certifica-
tion story began when its first version was released in the year 2000 by the United States
Green Building Council (USGBC) which develops and administrates the certification
system (Champagne and Atkas 2016). The USGBC was established in 1993 to promote
sustainability in the building’s design and construction processes. It was found that
LEED-certified buildings produced a significantly lower concentration of greenhouse
gases: 50% less due to water consumption, 48% less due to solid waste management,
and 5% less due to transportation compared to baseline non-certified buildings (Pushkar
2021). This proves the relevance of LEED-certified buildings in the urban transition
processes.

The certification is constantly revised and updated, its latest version being LEED v4
launched in 2013. Nevertheless, currently, the most widely adopted version is LEED v3
(Amiri, Ottelin, and Sorvari 2019) launched in 2009 and operative until 2022 (USGBC
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2022), which includes a collection of rating systems for design, construction, and oper-
ation of different types of buildings. In the certification, the allocation of points between
credits is based on the potential environmental impacts and human benefits of each credit
concerning a set of impact categories. The resulting allocation of points among credits
is called credit weighting. LEED v3 2009 is composed of five main categories: sustain-
able sites (26 points), water efficiency (14 points), energy and atmosphere (35 points),
materials and resources (10 points), and indoor environmental quality (15 points). The
scoreboard considers two additional bonus categories: innovation in design (ID, 6 points)
and regional priority (RP,4 points) giving a possible total of 110 points (USGBC 2010).
Itis important to consider that the regional priority category in the GBIG portal is merged
into the other categories, so it is not directly visible in the score like the Innovation and
Design bonus category. The 10 bonus credits aim to stimulate environmentally sensitive
projects to work towards higher achievements (Pushkar 2021). The certification level
depends on the points allocated based on how well a building fulfils the specific crite-
ria in the different assessment categories and includes the following: Certified (40-49
points), Silver (50-59 points), Gold (60-79 points), and Platinum (80 + points) (Amiri
et al. 2019).

3 Methodology

The research methodology explores the most important factors that define the distribution
of green-certified (LEED) buildings as a proxy for urban transition at the neighbourhood
level in a context where most green buildings are developed by private investors, and
where these practices are mainly concentrated in the more centric and wealthiest neigh-
bourhoods of the city of Boston. This is to subsequently obtain a first approach for a
green gentrification risk index for the city at the neighbourhood level (see Fig. 1). Also,
it proves the influence of the LEED certification variables (v2009) in the final price of
the buildings, which can represent a valid approximation for the costs of urban transi-
tion in Boston. It intends to provide decision-makers tools to invest and stimulate the
presence of green-certified public buildings and housing in vulnerable neighbourhoods
to achieve a more egalitarian urban transition and reduce the risk of green gentrification.
The methodology is based on a single exploratory case study (Priya 2020) using sec-
ondary data obtained from the City of Boston data platform (City of Boston 2023), the
Boston Planning and Development Agency reports (BDPA 2023), the U.S. Census data
portal (US Census 2023), Boston Housing Authority data (BHA 2023), the U.S. Green
Building Council data (USGBC 2023), Green Building Information Gateway (GBIG
2023) and the real estate websites Zillow (Zillow 2023) and Commercial Café (Com-
mercial Café 2023). The authors use the case study approach which allows in-depth,
multi-faceted explorations of complex issues in their real-life settings. The reason to
choose the city of Boston as a case study is because of its high density of green-certified
buildings, specifically 503 LEED-certified buildings by October 2023 (USGBC 2023),
the commitment of the city of Boston government to transition to a more sustainable and
resilient city as reflected in the Boston 2030 (City of Boston 2018) strategy, the Boston
Climate Action Plan (City of Boston 2019) and the predominant private ownership and
development of green buildings, only 6.5% of the total LEED-certified buildings in the
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city are developed or partially developed by public funds. The methodological approach
for the paper is articulated as follows.

1. Provide a context of the city of Boston, their neighbourhoods, the policy regarding
the green building development and the LEED-certified buildings distribution and
their evolution from the period (2015-2023).

2. Estimate the influence of LEED-certified variables in the final price in the city of
Boston and prove if they are pertinent as a proxy for urban transition costs. To do
this the authors selected 40 buildings from the LEED v3 2009 certification as sample.
The selection of the v3 2009 version is because it is the most numerous in the city
(367 of the total 503 buildings) (USGBC 2023) and was valid until 2022, from this
version it was selected two representative categories, 20 from the Existing Buildings
category (64 total) and 20 from the New Construction category (80 total). For each
category, a model will be run. The selected method is a multiple regression model
using RStudio software. The dependent variable is the market price of the selected
LEED-certified buildings in 2023 per sqft. Instead, the explanatory variables consid-
ered as the transition costs are the six main categories of LEED v3 2009 certification
criteria used. The initial hypothesis (null hypothesis) that the authors want to prove
is that the price level can be determined by the following variables:

Y, = Bo + Bili + Balo + B3lz + Bals + Bsls + Bele + uj
where:

Iy = Energy and Atmosphere;

I = Materials and resources;

I3 = Indoor environmental quality;
14 = Sustainable sites;

15 = Water efficiency;

lg = Innovation in design;

The statistical significance threshold established for the model is with a p-value
at least less than 0.1, which provides at least moderate evidence against the null
hypothesis. To obtain the importance of each variable, the authors used the Random
Forest method, which was supported again with R software. This intends to obtain
a closer approach to the real weights of variables to the final price. The results of
these models are then reinforced with a correlation model to estimate if there is a
correlation between the presence of LEED buildings and the residential market value
in the 23 neighbourhoods of Boston.

3. Once the pertinence to use the LEED-certified buildings as a proxy for urban transi-
tion costs is established. The next step is explaining the main factors that determine
the distribution of LEED-certified buildings and, eventually, urban transition in the
neighbourhoods in the city of Boston. The selected method is a stepwise multiple
regression, which allows the adaptation of regression models in which the choice of
predictive variables is made using an automatic procedure (the paper used R soft-
ware). Specifically, it was decided to start from a model that considered an initial set
of variables and then adapt it through successive steps based on the results obtained.
The dependent variable is the number of LEED-certified buildings in Boston by 2021
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(because reliable socioeconomic data arrives until 2021) in each of the 23 neighbour-
hoods of Boston. Instead, the explanatory variables considered are the seven main
factors that led to gentrification in the United States (National Neighborhoods Indi-
cators Partnership 2017) (National Community Reinvestment Coalition 2020). The
initial hypothesis (null hypothesis) that the authors want to prove is that the price
level can be determined by the following variables:

Yo = Bo + Bif1 + Bofz + B3f3 + Bafy + Bsfs + Befe + B7f7 +u;
where:

f; = Distance to downtown (km);

f, = White population (non-Hispanic white) (%);
f3 = Population with bachelor’s degree (%);

f4 = Residential market value;

fs = Renters (%);

fe = Residents below poverty line (%);

The statistical significance threshold established for the model is with a p-value
at least less than 0.1 (typically < 0.1), which provides at least moderate evidence
against the null hypothesis. To obtain the importance of each variable, the authors
used the Random Forest method, which was supported again with R software. This
intends to obtain a closer to obtain a closer approach to the real weights of variables
to the final price.

. Once the main five factors were identified, all the values were standardized on a scale

of 1 to 5 and then multiplied with the obtained weight in the Random Forest model.
This is to obtain a final score per each neighbourhood again on a scale of 1 to 5. This
is to obtain a first approach to a green gentrification risk index. Where 5 is the lowest
risk of being green gentrified and 1 is the highest risk of green gentrification. The
identified neighbourhoods with the highest risk of green gentrification, according to
the authors, should be the ones where public authorities should invest and incentivise
more the presence of green-certified buildings to avoid possible green gentrification
in vulnerable neighbourhoods and achieve a fairer urban transition.

Fig. 1. Diagram of the methodologic flow of the article

3.1 City of Boston Green Buildings Distribution

The city of Boston since 2016 is part of the Global Covenant of Mayors for Climate &
Energy and has committed to support action to combat climate change and work towards
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a resilient and low-emission society (Global Covenant of Mayors 2023). Boston was
recognized as an A-List by CDP in 2022 (CDP 2022) by receiving a high score for their
transparency and bold climate action and their achievements, vision, and commitment to
the fight against climate change. This is reflected in their Climate Action Plan, updated
in 2019 and current until 2024, which considers the following measures and is aligned
with the broader initiative Imagine Boston 2030, which is the first citywide plan in more
than 50 years that visualizes a city of Boston with quality jobs, a competitive economy,
affordable housing, and better prepared for climate change.

Boston is a global city located on the northeastern coast of the United States. Accord-
ing to the US Census (2023), the city has a population of 650,706, while its metropoli-
tan area, as estimated by the Metropolitan Area Planning Council (2023), is home to
approximately 3,394,090 residents. Boston is officially divided into 24 neighborhoods,
as recognized by the City of Boston government (2023), which serve as distinctive
elements of pride and identity for its residents. (Note: Harbor Island is not included
in this study). Regarding income using data from the BDPA in the period 2015-2021
(BDPA 2023), the authors produced a map and a graph showing the levels of income
of the neighbourhoods of the City of Boston (see Fig. 2). Roxbury, in the western part
of the city, is the neighbourhood with the lowest income, with an average of 37,844
USD per year. The southern part of Boston has a low-medium to high-medium income,
with a representative neighbourhood such as Dorchester having an average income of
61,468.00 USD, below the city’s average of 81,744 USD. The wealthiest parts of the
city are located in the centre and north, where the main corporate and academic activity
of the city is located, with the South Boston Waterfront being the wealthiest one with
167,446 USD per year because of the recent luxury residential development built in the
area.

The spatial distribution of the 503 LEED-certified buildings in Boston, regardless of
the typology supported by data from the USGBC, is uneven because most of them are
in the downtown area of the city where the wealthiest neighbourhoods are located (see
Fig. 3). This is evident in the city’s urban landscape, where the most modern buildings
are in the wealthiest areas of the city. Meanwhile, the traditional building stock is still
predominant in peripheral neighbourhoods (see Fig. 4). This can be explained by the
fact that most of the certified buildings are developed by private developers (95.5%
of the total) who are expecting revenue by locating them in areas where people can
afford to pay the extra value that implies a LEED-certified building (GBIG 2023). In the
vulnerable areas of the city in the western and southern parts, the few LEED buildings
are mainly from the public (6.5% of the total) and retail sectors because these areas are
not as attractive as the central and wealthiest areas of the city. The current distribution of
the certified LEED buildings in the city of Boston only allows for statistical study of the
downtown area of the city because, in the peripheral areas, there are not enough buildings
to study. The uneven distribution of LEED certified can be considered a challenge in the
transition to more sustainable and resilient cities and the evolution from sustainable to
positive buildings.

In the period 2015-2023, it can be seen a constant growth of the presence of LEED-
Certified buildings in the city of Boston in consonance with the objectives of the city
to have a greener and more sustainable city (see Fig. 5). Nevertheless, this growth is
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City of Boston household income (2021)

East Boston

Y

Brighton

Dorchester Income 2021

[ 37884 - 50000
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Roslindale

Hyde Park

Fig. 2. Boston neighbourhoods and the evolution of the household income per neighbourhood in
2021

not fairly distributed among the neighbourhoods of the city. In 2023, Downtown is the
neighbourhood with the highest density of LEED-certified buildings, with 151 (30% of
the total) being a considerable part of the total. In second place comes South Boston
Waterfront, which has 67 (13.3% of the total), being less than half of downtown. Finally,
in third place comes Back Bay, which has 40 buildings (7.9% of the total). This means
that more than half of the LEED-Certified buildings (51.2%) are concentrated in just 3
of the 24 neighbourhoods of the city. Meanwhile, lower-income neighbourhoods such
as Rosindale and Mattapan just have 1 LEED-Certified building each.

4 Results

4.1 The Influence of LEED Certification Variables in the Final Price in Boston

The data consists of 40 observations from the LEED v3 2009 certification 20 from the
Existing Buildings category and 20 from the New Construction category, intending to do
one model per each category (see Fig. 6). The selected method is a multiple regression
model using RStudio software. The dependent variable is the market price of the selected
LEED-certified buildings in 2023 per sqft. Instead, the explanatory variables considered
the transition costs are the six main categories LEED v3 2009 certification criteria used.
The initial hypothesis (null hypothesis) that the authors want to prove is that the price
level can be determined by the following variables:

Yp = Po + Bili + Balo + B3l3 + Bals + Bsls + Bele + uj
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Fig. 3. Spatial distribution of the LEED-certified buildings in the city of Boston by density

Fig. 4. Examples of the building stock in Boston. A) Conventional buildings of the XX century
in Fenway neighbourhood. B) The Hub on Causeway in the North End neighbourhood, one of the
LEED-certified buildings with the highest score (85 points).

where:

11 = Energy and Atmosphere;
I = Materials and resources;
I3 = Indoor environmental quality;
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LEED-certified buildings in Boston 2015-2023

Fig. 5. City of Boston LEED certified buildings density and the evolution of their presence per
neighbourhood in the period 2015-2023

14 = Sustainable sites;
15 = Water efficiency;
l¢ = Innovation in design;

The statically significance threshold established for the model is with a p-value at
least less than 0.1 (typically < 0.1) that provides at least moderate evidence against the
null hypothesis. To obtain the importance of each variable, the authors use the Random
Forest method supported again with R software).

The first multiple regression model from the LEED v3 2009 from the Existing Build-
ings category, which includes the six variables for the LEED v3 EB 2009 certification
(see Table 2), shows an effective relationship between the variables and the price of the
buildings. This is demonstrated by the R squared equal to 0.7375, for which 73.75%
of the phenomena are explained by these variables, suggesting that there is a strong fit
to the data in the model. Above all, the p-value is equal to 0.003192, which indicates
a very strong level of significance. Therefore, the null hypothesis according to which
these variables affect the level of building prices can be accepted since the p-value is
above the significance level of < 0.1 (Table 1).

Using the Random Forest package, it was possible to determine the importance of
each LEED variable in the model. The results show that the most relevant variable is L5,
which is water efficiency, representing 30.79%, closely followed by L3, which is Indoor
environmental quality and represents 27.56%, and fairly close is L1, which is Energy
and Atmosphere, with 23.50%. This means that three variables explain 81.85% of the
model. The three variables with less influence in the model are L4, which is Sustainable
sites with 14.03%; 1.2, which is Materials and resources with 2.78%; and L6, which is
Innovation in Design, which has a lesser value with 1.34%.

The second multiple regression model from the LEED v3 2009 from the New Build-
ings category, which includes the six variables for the LEED v3 EB 2009 certification
(see Table 2), shows an acceptable relationship between the variables and the price of
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Fig. 6. Location of the selected LEED-certified buildings for the models

the buildings. This is demonstrated by the R squared equal to 0.5412, for which 54.12%
of the phenomena are explained by these variables, suggesting that the model is a strong
fit for the data. Above all, the p-value is equal to 0.04172, which indicates a strong level
of significance. Therefore, the null hypothesis according to which these variables affect
the level of building prices can be accepted since the p-value is above the significance
level of < 0.1.

Using the Random Forest package, it was possible to obtain the importance of each
LEED variable for the second model. The results show again that the most relevant
variable is L5, which is water efficiency, represents 23.47%, followed by L4, which
is Sustainable Sites and represents 20.46%, and fairly close is L1, which is Energy
and Atmosphere with 17.83%. This means that three variables explain 61.76% of the
model. The three variables with less influence in the model are L3, which is Indoor
environmental quality at 15.25%; L6, which is Innovation in Design at 12.17%; and
finally, L2, which is Materials and resources, which has a lesser value at 10.80%. The
second model shows a more equilibrated influence of the variables than the first one.

To reinforce the results, the authors consider it pertinent to run a correlation test to
observe if the presence of LEED buildings is correlated with an increase in the price of
buildings in Boston in the period 2015-2023 and see if there is an increase or decrease
of this correlation across the time. The data was retrieved from the Zillow Home Value
Index from 2015-2023, and the number of LEED-certified buildings registered at the
USGBGC site during the same time period (see Table 3).

The table shows that there is a strong and growing positive correlation between the
presence of LEED buildings and the price of residential buildings. This test helps to
understand better the influence of LEED-certified buildings in the real estate market in
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Table 1. Summary of the LEED v3 2009 from the Existing Buildings model

Residuals:
Min 1Q Median 3Q Max
—222.42 —55.00 21.31 50.25 193.66

Coefficients:

Estimate Std. Error t value Pr(>Itl)
(Intercept) —581.106 388.855 —1.494 0.1589
L1 1.340 7.169 0.187 0.8546
L2 15.920 13.804 1.153 0.2695
L3 36.263 15.634 2.319 0.0373
L4 17.420 10.710 1.627 0.1278
L5 38.263 13.764 2.780 0.0156
L6 —8.178 68.270 —0.120 0.9065

Signif. Codes: 0 “***’ 0.001 “** 0.01 “** 0.05 * 0.1 *’ 1

Residual standard error: 118.8 on 13 degrees of freedom

Multiple R-squared: 0.7375
Adjusted R-squared: 0.6164

F-statistic: 6.088 on 6 and 13 DF, p-value: 0.003192

the city of Boston. All the models presented in this section help to prove the adequateness
of using LEED-certified buildings as a proxy for the costs of urban transition at least
in the city of Boston. This is by proving that the LEED variables associated with urban
transition have a real influence on the final price and that their presence is correlated
with the increase in the price of buildings.

4.2 The Factors that Determine the Distribution of LEED-Certified Buildings
in the City of Boston

Using as a starting point the variable that previous models establish to determine the
risk of gentrification in Boston, the authors use a stepwise multiple regression to deter-
mine which of these variables explains the distribution of LEED-certified buildings and,
by consequence, the possible risk of green gentrification. The dependent variable is
the number of LEED-certified buildings in 2021 in each of the 23 neighbourhoods of
Boston. Instead, the explanatory variables considered the seven main factors that lead
to gentrification in the United States. The initial hypothesis (null hypothesis) that the
authors want to prove is that the price level can be determined by the following variables:

Yy = Bo + Bifi + Bafz + B33 + Bafs + Bsfs + Befe + B7f7 + y;
where:

f; = Distance to downtown (km);
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Table 2. Summary of the LEED v3 2009 from the New Buildings model

Residuals:
Min 1Q Median 3Q Max
—768.1 —382.0 —154.1 419.1 1332.8

Coefficients:

Estimate Std Error t value Pr(>Itl)
(Intercept) 7579.778 1980.402 3.827 0.00165 **
L1 —34.585 35.013 —0.988 0.33893
L2 34.304 83.031 0.413 0.68535
L3 —231.738 115.042 —2.014 0.06226
L4 —90.947 49.539 —1.836 0.08628
L5 —424.479 112.642 —3.768 0.00186 **
L6 —5.959 148.147 —0.040 0.96844

Signif. Codes: 0 “***’ 0.001 “** 0.01 “** 0.05 *. 0.1 *’ 1

Residual standard error: 637.5 on 15 degrees of freedom
Multiple R-squared: 0.5412
Adjusted R-squared: 0.3577

F-statistic: 2.949 on 6 and 15 DF
p-value: 0.04172

Table 3. Evolution of the Correlation between LEED certified buildings presence and the increase
of the real estate market value

Year Correlation value
2015 0.6098
2017 0.6488
2019 0.6945
2021 0.6915
2023 0.6959

f, = White population (non-Hispanic white) (%);
f3 = Population with bachelor’s degree (%);

f4 = Residential market value;

fs = Renters (%);

fe = Residents below poverty line (%);

f7 = Household income (%);

The statically significance threshold established for the model is with p-value at least
less than 0.1 (typically < 0.1) which provides at least moderate evidence against the null
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hypothesis. To obtain the importance of each variable the authors use the Random Forest
method supported again with R software. to obtain a closer approach to the real weights
of variables to the final price.

The first regression which includes the seven main variables associated with gen-
trification (see Table 4), shows an effective relationship between the variables and the
concentration of LEED-certified buildings. This is demonstrated by the R squared equal
to 0.56 for which 56% of the phenomena is explained by these variables suggesting
that the model is a moderate fit to the data. Above all, the p-value is equal to 0.048
which indicates a strong level of significance. Therefore, the null hypothesis according
to which these variables affect the level of concentration of LEED-certified buildings
can be accepted, since the p-value is above the significance level of < 0.1 (Table 4).

Table 4. Summary of the factors that define gentrification

Coefficients:

Estimate Std. Error t value Pr(>1tl)
(Intercept) —6.153e + 00 4.799¢ 4 01 —0.128 0.8997
F1 —1.252e + 00 2.626e + 00 —-0.477 0.6402
F2 3.426e-01 7.178e-01 0.477 0.6400
F4 7.463e-05 2.952e-05 2.528 0.0232
F6 3.504e-01 1.451e + 00 0.242 0.8124
F3 —1.459¢ + 00 1.476e + 00 —0.988 0.3386
F7 —4.400e-06 3.080e-04 —0.014 0.9888
F5 —1.756e-02 6.467e-01 —0.027 0.9787

Signif. Codes: 0 “***° 0.001 “** 0.01 “** 0.05 *. 0.1 ©

1

Residual standard error: 24.42 on 15 degrees of freedom
Multiple R-squared: 0.56
Adjusted R-squared: 0.3547

F-statistic: 2.728 on 7 and 15 DF
p-value: 0.04873

Nevertheless, the authors want to depurate more the model and find the more influ-
ential variables. The depuration of the model identifies the five most relevant variables
(see Table 5). Consequently, the model was adapted as follows.

Yb = Bo + Bif1 + Bafz2 + Baf3 + Bafs + Befotu;

The selected variables are:
f; = Distance to downtown (km);
f, = White population (non-Hispanic white) (%);
f3 = Population with bachelor’s degree (%);
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f4 = Residential market value;
fe = Residents below poverty line (%);

Table 5. Summary of the factors that define gentrification

Coefficients:

Estimate Std. Error t value Pr(>1tl)
(Intercept) —6.98% + 00 4.166e + 01 —0.168 0.8688
Fl —1.296e + 00 1.896e + 00 —0.684 0.5034
F2 3.194e-01 5.059e-01 0.631 0.5362
F4 7.468e-05 2.771e-05 2.695 0.0153 *
F6 3.507e-01 1.307e + 00 0.268 0.7917
F3 —1.419¢ + 00 1.136e + 00 —1.249 0.2286

Signif. Codes: 0 “***’ 0.001 “*** 0.01 ‘** 0.05 > 0.1 ©’ 1
Residual standard error: 22.94 on 17 degrees of freedom
Multiple R-squared: 0.56

Adjusted R-squared: 0.4305

F-statistic: 4.327 on 5 and 17 DF
p-value: 0.01009

The second regression, which includes the five main variables, shows an effective
relationship between the variables and the price of the buildings. This is demonstrated
by the R squared that remains equal to the previous model with 0.56, for which 56%
of the phenomena is explained by these variables, suggesting that there is a moderate
fit to the data in the model. Above all, the p-value is equal to 0.001, which indicates
a very strong level of significance. Therefore, the null hypothesis according to which
these variables affect the level of LEED-certified buildings distribution can be accepted
since the p-value is above the significance level of < 0.1.

Using the Random Forest package, it was possible to obtain the importance of each
variable for the second model. The results show that the most relevant variable is F5,
which is the physical distance to downtown, represents 33.35%, followed by F4, which
is the average residential market value that represents 30.40%; next is F3, which is the
population with a bachelor’s degree with the 13.98%. This means that three variables
explain 77.73% of the model. The other two variables with less influence in the model
are F2, which is the White population (non-Hispanic white) with 11.78%, and finally,
F6, which is Residents below the poverty line and has a lesser value with 10.46%. The
second model shows a more equilibrated influence of the variables than the first one.
According to the authors, these five variables can explain green gentrification in the city
of Boston (see Table 6).
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Table 6. Green Gentrification factors values for each Boston neighbourhood (2021)

Neighbourhood | LEED Distance | White Market Poverty | Education
buildings | (km) population | value (%) (%)
(%) (USD)
Allston 25 5.85 54.1 608406 4.1 423
Back Bay 37 1.99 70.7 1173621 1.9 434
Beacon Hill 2 0.89 86 911907 0.6 41.9
Brighton 7 8.06 62.4 551935 0.5 40.6
Charlestown 5 2.68 70.5 848139 2 35
Chinatown 9 0.81 223 952843 0.9 25.6
Dorchester 7 6.36 22.5 595495 |21.7 18.5
Downtown 142 0.00 63.7 1416687 1.9 26.2
East Boston 27 3.94 34.5 585023 6.2 21.6
Fenway 23 3.39 55.6 624483 6.2 34.1
Hyde Park 2 12.52 22.3 532586 4.3 21.1
Jamaica Plain 7 7.11 53.5 697053 54 27.6
Longwood 13 4.34 68.6 1120721 0.1 40
Mattapan 1 9.16 52 490032 39 13
Mission Hill 2 4.55 41.2 766925 4.9 28.3
North End 1 1.14 85.3 800465 0.8 50.6
Roslindale 1 9.91 48.7 617245 2.8 24.3
Roxbury 16 4.76 14.8 560826 |12.5 17.7
South Boston 23 2.53 77 816170 38 44.4
South Boston 59 1.66 81.9 1374864 0.1 39.6
Waterfront
South End 33 1.94 53.8 999212 5.7 28.2
West End 13 1.20 65.3 591490 0.8 36.8
West Roxbury 1 11.85 65.1 663589 1.9 29

4.3 Green Gentrification Index for the City of Boston

Once the variables and the weights of each of them are established, it is possible to
compose the index to approximate the risk of green gentrification of each of the 23
neighbourhoods of the city of Boston (see Table 7). The values of each variable were
standardised on a scale of 1 to 5, where 1 is the highest risk of green gentrification, and
5 is the lowest risk and is subsequently multiplied by the weight of importance obtained
using the Random Forest methodology. Finally, it is possible to obtain the comprehensive
score of the Green Gentrification Index for the city of Boston at the neighbourhood level.
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Table 7. Green Gentrification Index results per neighbourhood (2021)
Neighborhood | LEED Distance | White Market | Poverty |Education | Total
buildings |33.35% | population | value 10.46% | 13.98%
11.78% 30.40%
Allston 25 3 3 2 5 5 3
Back Bay 37 5 4 5 5 5 5
Beacon Hill 2 5 5 4 5 5 5
Brighton 7 2 4 1 5 5 3
Charlestown 5 4 4 4 5 4 4
Chinatown 9 5 2 4 5 3 4
Dorchester 7 3 2 2 1 2 2
Downtown 142 5 4 5 5 3 5
East Boston 27 4 2 2 4 3 3
Fenway 23 4 3 3 4 4 4
Hyde Park 1 2 1 5 3 2
Jamaica Plain 3 3 3 4 3 3
Longwood 13 4 4 5 5 5 5
Mattapan 1 2 1 1 5 2 2
Mission Hill 2 4 3 3 5 3 4
North End 5 5 4 5 5 5
Roslindale 1 2 3 2 5 3 3
Roxbury 16 4 1 2 3 2 3
South Boston | 23 4 4 4 5 5 4
South Boston | 59 5 5 5 5 4 5
Waterfront
South End 33 5 4 3
West End 13 5 4 2 4
West Roxbury | 1 1 4 3 3

The results of the index (see Fig. 7) show that the most vulnerable neighbourhoods to
green gentrification and require special attention from the public authorities to invest in
public green buildings and other types of green infrastructures. These neighbourhoods
are Dorchester, Mattapan and Hyde Park, which are traditionally inhabited by historically
vulnerable groups and are more distant from the city centre, where economic activity
and green buildings are concentrated. Also, traditional peripheral neighbourhoods such
as Roxbury and Jamaica Plain have a moderate risk that should raise awareness to public
authorities and civil society to reclaim more public investments for green practices,
which include green-certified buildings. The least vulnerable neighbourhoods are the
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ones that surround the downtown area and financial centre. In these neighbourhoods,
the authors believe that the private sector is taking the initiative to transform the existing
building stock into a greener one because of the economic benefits it provides.

Green gentrification risk index

East Boston

-l pstoR Walerfront
oyth End
South Boston

Green gentrification risk index
[ High risk

[] Moderate risk

[] Lowrisk

B Very low risk

Fig. 7. Green gentrification index at the neighbourhood level for the city of Boston (2021)

5 Discussion and Conclusions

Urban planning plays a pivotal role in the adoption of green buildings in cities. The
integration of sustainable and high-performance building practices into urban planning
can contribute to the overall environmental, social, and economic goals of a city. The
inequalities in the distribution of green-certified buildings in market-driven contexts
are one of the main challenges that cities can face in the transformation of the con-
ventional building stock into a greener one. In Boston, most green-certified buildings
are concentrated in the wealthiest and centric neighbourhoods of the city, where people
can afford to pay the cost premium that implies the development of a green-certified
building. This situation leaves the inhabitants of low-income and traditional vulnerable
neighbourhoods behind in the transformation of their building stock and in the overall
urban transition to greener and more sustainable cities. To cope with this challenge, it is
recommended to stimulate the presence of green-certified public buildings and housing
in vulnerable neighbourhoods. This can help to reduce the risk of green gentrification
and achieve a more egalitarian urban transition. The paper intends to contribute to a
better understanding of this challenge and propose a set of recommendations based on
their findings.
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Firstly, there is a clear synergy between green-certified building criteria such as
LEED with urban transition values and goals. This makes the implementation of green-
certified buildings a key player in urban transformation initiatives such as the Global
Covenant of Mayors. There is a clear influence of the LEED-certified evaluation cate-
gories which are closely related to urban transition values in the final price of buildings
in the city of Boston. Consequently, the price difference between conventional and green
buildings can be considered as the costs of the urban transition, in the first instance in
the construction sector and eventually in general. The results of the stepwise regression
helped to identify the five main factors that determine the distribution of LEED Certified
buildings in Boston, which are Distance to downtown (km), White population (non-
Hispanic white) (%), Population with bachelor’s degree (%), Residential market value,
and Residents below poverty line (%). The identified factors were associated with green
gentrification and used to create a green gentrification risk index for the city of Boston.
This means that the neighbourhoods with the lowest values are the ones more vulner-
able to green gentrification, and their population has a higher risk of being displaced
at the moment they cannot afford the costs of living in areas where the building stock
has been replaced by green certified buildings developed by private investors. Using
the stepwise regression model, it was possible to identify the influence of each variable
on the model to subsequently set the weights for each variable to be used in the index.
The first approach of the index spatially identifies the most vulnerable neighbourhoods
to green gentrification and can be useful for decision-makers to focus their efforts on
investing in public green buildings and housing or facilitate their presence with tax and
regulatory stimulus. In the case of Boston, the most vulnerable neighbourhoods to green
gentrification are located in the peripheries of the city, mainly populated by historically
vulnerable groups and with a very low presence of green-certified buildings. The article
expects to collaborate to consider the risks of green gentrification in their urban trans-
formation process in other cities of the United States or even in other countries. Also, it
calls for a bigger involvement of the public sector in the renovation of the building stock
and not leave the transformation to green buildings just to the private sector.
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