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Executive Summary:

Urban sustainability, particularly through the lens of green roofs, presents a pathway towards
mitigating urban environmental impacts. This thesis report assesses New York City’s (NYC)
green roof policies by comparing them with international standards observed in Shenzhen,
China, and Copenhagen, Denmark. The comparative analysis highlights not only the potential of
green roofs to enhance urban livability but also the imperative for robust policy frameworks to

support their adoption.

NYC’s current green roof framework, driven by incentives such as tax abatements and grants,
aims to alleviate the urban heat island effect, manage stormwater, and improve air quality.
However, the effectiveness of these policies is uneven across the city, with a significant bias
towards wealthier areas. This uneven deployment points out a necessity for policy enhancements
that ensure equitable access to green roofs across all boroughs, especially within vulnerable

communities.

Internationally, Shenzhen and Copenhagen offer compelling models of government intervention
and community integration. Shenzhen’s approach, characterized by stringent policy enforcement
and substantial subsidies, contrasts with Copenhagen’s mandatory implementation on new
buildings; it is supported by a well-established socio-political framework for sustainability.
Accordingly, this study suggests enhancing NYC’s green roof initiatives through a multifaceted
approach: by implementing a structured policy framework with enhanced government oversight

for green roof installations, supporting small, community-focused projects to foster broader
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public integration, and introducing a tiered incentive system that rewards environmental
performance. Additionally, it recommends broadening stakeholder engagement in the planning
and maintenance of green roofs to reflect the diverse needs of all neighborhoods and expanding
educational outreach to increase both public and private investment in green infrastructure.
These strategies are aimed at transforming urban environments into more sustainable, resilient,

and equitable spaces through the strategic integration of green roofs.

By adopting these recommendations, NYC can not only improve its green infrastructure but also
set a benchmark for urban areas worldwide, reimagining the role of nature in urban settings to

foster sustainable, resilient, and equitable cities.
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Introduction

In the urban century, urban areas are rapidly growing with human development of technology
and economic development. As urban areas become more and more densely developed, many
nature species have been driven out which reduces the opportunities for the benefits for humans
and non-humans (Treglia et al., 2022). New York City's green roof initiative is a vital component
in its journey toward urban sustainability. Green roofs in NYC offer a multifaceted solution to
some of the most pressing environmental challenges faced by the city. Green roofs play a crucial
role in mitigating the urban heat island effect. By replacing traditional roofing materials with
vegetation, they help lower temperatures in densely populated areas (NYC Parks, n.d.). By
pushing NYC green roofs forward, understanding the policy framework behind it is necessary for
planners. This research delves into the burgeoning presence of green roofs in New York City,
exploring their distribution, ownership, and the policies that shape the landscape. The research
will generate a policy recommendation framework and provide a case study of other cities —

Shenzhen, China, and Copenhagen, Denmark to see how NYC can seek a better future.

The policy framework in NYC, including tax abatements and other incentives, plays a crucial
role in encouraging building owners to adopt green roofs. These policies make the installation of
green roofs more financially viable for property owners, and local laws also demonstrate these
benefits. Laws such as Local Laws 92 and 94 of the Climate Mobilization Act are transforming
NYC's rooftops (The Nature Conservancy, 2019 and Columbia Climate School, 2022). They
mandate the installation of green roofs on urban new buildings and major renovations, thereby

increasing their prevalence across the city (Columbia Climate School, 2022).
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NYC offers a one-year tax abatement for properties with green roofs, with the standard
abatement being $5.23 per square foot and an enhanced abatement of $15.00 per square foot in
high-priority areas. The maximum abatement can reach up to $200,000, demonstrating the city's
commitment to encouraging green roof installations (NYC DOF, n.d and NYC Buildings, n.d.).
For instance, it requires builders to have a layer of vegetation covering 50% of the rooftop.
Sedum, or drought-resistant, live plants, must be spaced to cover at least 80% of this planted

layer (NYC Buildings, n.d.).

Through a multifaceted approach, the research stands at the intersection of urban planning,
environmental policy, and community engagement, offering insights into how a city famed for
its skyscrapers is redefining its relationship with nature. The research aims to explore the spatial
distribution of NYC green roofs and the characteristics of the incentive policies, taking into
account case studies to learn from other cities' experiences in developing the framework. The
study contains NYC green roof stakeholders’ viewpoints on the system, process, and future
envisions. Finally, the study will provide analytical policy recommendations that help NYC build
a better sustainable future. It contributes to the broader dialogue on urban sustainability,

providing valuable lessons for cities worldwide on the journey towards a greener future.

Research Questions

e How do green roofs help NYC achieve its sustainability goal?
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e Are NYC incentives helping promote green roofs? What are the limitations behind the
system?
e \What can we learn from the case studies from Shenzhen, China, and Copenhagen,

Denmark to improve the NYC Green Roofs framework

Literature Review

Climate Change in NYC

Global climate models forecast that in the 21st century, New York will face higher temperatures
year-round, more intense heatwaves in summer, rising sea levels, shorter intervals between
severe storms, and more frequent occurrences of drought and flooding, according to Rosenzweig
and Solecki (2010). These climate changes are expected to concurrently flood coastal wetlands,
endanger essential infrastructure and water resources, increase energy demand during the
summer, and impact public health both directly and indirectly (Rosenzweig and Solecki, 2010).
In recent times, there has been a growing recognition of the environmental decline and the
significant dangers and uncertainties that climate change brings to our urban areas and societies.
It's expected that climate change will impact the social, economic, environmental, and physical
structures of all cities. Paradoxically, while cities are major contributors to environmental
degradation through their economic activities and consumption patterns, they also stand to be
significantly affected by this crisis (Jabareen, 2013). Many urban areas, particularly in Western
countries, are actively engaging in various 'sustainability practices' to reduce greenhouse gas

emissions and prepare for the unpredictable effects of climate change, as noted by Jabareen in
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multiple studies (2006, 2008, 2013). Hamin and Gurran (2009) highlight the critical need for
innovative urban design strategies that facilitate adaptation for both humans and ecosystems to
these escalating risks. Clearly, urban planning plays a pivotal role in addressing the future
challenges posed by climate change, which introduces new complexities and uncertainties to the
field. Therefore, developing a comprehensive understanding of planning's contribution to
combating climate change is becoming an essential endeavor for planners, who are at the initial

stages of formulating strategies and exploring potential pathways (Jabareen, 2013).

In combating the negative effects that climate change may bring, green infrastructure can help
cool urban environments by increasing vegetation and perviousness within city boundaries, thus
reducing urban heat island effects on urban residents (Culligan, 2019). Green roofs, as an
important component of green infrastructure, have been largely encouraged to be built in NYC

(DEP, n.d.).

Green Roof and NYC Sustainability Future

PlaNYC (2023) demonstrated that in order to make NYC safer, more vibrant, and more resilient
to climate change impacts, building accessible green roofs in the city is an effective way to
provide people with adequate and equitable green infrastructures and green spaces. Indeed, green
roofs play a significant role in soaking up heavy rainfall and adding additional insulation to
buildings, making interior environments more pleasant and enhancing energy efficiency while
reducing the carbon footprint; furthermore, they help mitigate the urban heat island effect and
elevate the quality of the air we inhale, according to a report by The Nature Conservancy (n.d.).

It also posited that nature plays a crucial role in balancing life in New York City, and green roofs
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help to offer the city’s buildings environmental, economic, and public health benefits. Treglia et
al. (2022) further expanded on this point by identifying the substantial proportion of urban
landscapes — approximately 20% in New York City — covered by buildings, thereby presenting a
significant opportunity for the development and enhancement of green infrastructure. Cities offer
opportunities for sustainability and provide more benefits to biological circumstances such as
insect pollinators, and roofs help reduce combined stormwater sewage overflows by retaining,
evaporating, and delaying runoffs, according to Rosenzweig et al. (2006). The report mentioned
green roofs could provide both private benefits and public benefits by offering sound reduction,
food production, private aesthetic benefits, GHG emissions reduction, air quality improvements,
and public aesthetic benefits (Rosenzweig et al., 2006). The estimated life-cycle net present
value of green roofs can exceed that of traditional roofs by up to 40% due to advantages in
managing stormwater, lowering electricity expenses, and improving air quality (Foster et al.,
2011). Research done by Foster et al. (2011) indicates that green roofs can lead to energy savings
ranging from 15-45% of yearly energy use, primarily through reduced expenses for cooling.

Additionally, cool or white roofs have the potential to achieve savings of up to 65%.

What is a Green Roof

There are three types of green roofs that are largely implemented by developers and designers.
According to a report by Adaptive Green (n.d.), ‘Extensive” green roofs are low-lying, under-six
inch performance-driven systems that meet engineering and insulation goals, while ‘Intensive’
green roofs are higher-profile, over 6-inches systems designed for functional and aesthetic goals
in addition to core performance needs. There also exists ‘Hybrid (Semi-intensive)’ green roof

systems that employ facets of both extensive and intensive into one (Adaptive Green, n.d.).
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Intensive green roofs are defined by their thick substrate layer, diverse plant options akin to
terrestrial landscapes, high capacity for water retention, and significant initial and ongoing costs,
as well as their substantial mass (Shafique et al., 2018). The depth of the soil allows for a broader
selection of vegetation, including small trees and shrubs, necessitating stronger structural support
from the building to handle the increased weight (Shafique et al., 2018 and Adaptive Green,
n.d.). Extensive roofs with relatively shallow substrates predominately utilize sedum as the
vegetation layer and generally do not require irrigations, resulting in lower initial and
maintenance costs compared to other roof types (Adaptive Green, n.d. and Shafique et al., 2018).
These roofs are significantly lighter and ideal for buildings with weight limitations. Meanwhile,
multi-course extensive roofs have a 4 to 6-inch substrate thickness, are relatively lightweight,
and are commonly found in the USA (Shafique et al., 2018). Semi-intensive green roofs, with
substrate depths between 6 and 12 inches, offer a medium level of substrate thickness and
typically support smaller plants, shrubs, and grass, requiring consistent maintenance and a
sizable investment for optimal functionality (Shafique et al., 2018). Among the three types,
extensive roofs are more widely adopted globally due to their lighter weight, minimal irrigation

needs, and lower costs for both installation and upkeep (Adaptive Green, n.d.).
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Figure 2 Left. Extensive Green Roofs (Green Roof Technology, 2021).

Figure 3 Right. Intensive Green Roofs (Green Roof Technology, 2021).
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Stormwater Management

Green roofs can also solve impervious surface problems that are affluent in NYC. DEP (2020)
believed that residents indeed play a part in straining the stormwater system, yet the primary
issue lies with the extensive impervious surfaces throughout New York City. Such surfaces,
including sidewalks, roads, rooftops, and compacted soils, resist water absorption. Consequently,
instead of water being absorbed by vegetation and released back into the atmosphere, it turns into
stormwater. Vijayaraghavan (2015) illustrated the process works in his report “Green Roofs: A
Critical Review on the Role of Components, Benefits, Limitations and Trends”: when rainwater
hits a green roof, it is partially absorbed by the soil or trapped in its pores, with some also being
utilized by the plants through absorption or transpiration back into the atmosphere. The excess
water is filtered through and temporarily stored in the roof's drainage system before being
released (Vijayaraghavan, 2015). Vijayaraghavan (2015) also explained that the efficiency of a
green roof in retaining water depends on several factors, including the type and depth of the soil,
the design of the drainage system, the variety and coverage of vegetation, the volume of the rain
event, the period of antecedent dryness, and the roof's slope. The soil medium, often made of
lightweight volcanic materials, plays a crucial role due to its high moisture retention capacity.
Studies have shown that green roofs can delay runoff, with intensive green roofs demonstrating

average runoff retention of 65.7%, significantly higher than that of conventional paved roofs.

Vijayaraghavan also suggested that green roofs provide social benefits from aesthetic

improvements by promoting urban greening as an easy and effective strategy; in summer, green

roofs can retain seventy percent to ninety percent of the precipitation that falls on them, in

12
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winter, green roofs can retain between twenty-five percent to forty percent of the precipitation
(Green Roofs for Healthy Cities, n.d.). Green roofs not only capture rainwater but also regulate
its temperature and serve as organic filters for the runoff water. They minimize stormwater
overflow and postpone the timing of runoff, thereby alleviating pressure on sewage systems
during periods of maximum flow (Green Roofs for Healthy Cities, n.d.). This ability to detain

water helps to lessen immediate runoff into stormwater systems.

A detailed four-year study by the DEP (2020) shows that impervious surface coverage varies
across boroughs: Manhattan has 63.09% impervious and 1.67% semi-pervious areas, the Bronx
features 57.58% impervious and 3.75% semi-pervious, Brooklyn stands at 60.86% impervious
and 3% semi-pervious, Queens is at 57.39% impervious and 2.15% semi-pervious, while Staten
Island has 38% impervious and 6.29% semi-pervious surfaces. Overall, New York City is nearly
73% impervious, indicating a majority of rainwater is not absorbed naturally, disrupting the
hydrologic cycle. The NYC DEP (2020) mentioned that as rainwater cannot penetrate the
ground, it must flow elsewhere, turning from a natural resource into a potential environmental
and health threat as it collects pollutants on its way to the sewer system. The proportion of
impervious surfaces in the city is dynamic, potentially increasing with further construction and
decreasing with the addition of porous materials like vegetation or permeable pavements.
Without measures to reduce impervious surfaces, stormwater management problems are

expected to escalate (DEP, 2020).

13
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Figure 4. Green Roof Systems (Thompson, n.d.).

Heat Vulnerability and Green Roofs

In the US, heat is the deadliest weather hazard, accounting for twenty percent of natural hazard
deaths (Sharma et al., 2018). Morbidity and mortality due to the extreme heat are exacerbated by
Urban Heat Island (UHI) Effects, which are caused by multiple factors including urban ecology
(less vegetation cover) that reduces cooling from evaporation, human activities that cause heat
emissions (vehicular traffic and heating/cooling of built infrastructure), and urban canyon
geometry which reduce the outgoing radiative heat flux due to ‘heat-trapping’ in street canyons
(Sharma et al., 2018). Heat vulnerability is how likely a person is to be injured or harmed during
periods of hot weather (NYC Department of Health, 2023). According to Pritchard and Pritchard
(2023), this phenomenon occurs when urban areas experience significantly higher temperatures

than their rural surroundings due to human activities and the built environment. Heat
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vulnerability can refer to the susceptibility of an area of the population to the adverse effects of

heat, often exacerbated in urban settings by the UHI effects (Pritchard and Pritchard, 2023).

Working in different mechanisms, green roofs offer a compelling solution to mitigate the UHI
effects and, by extension, reduce heat vulnerability. Sharma et al. (2018) believe that the
installation of green roofs can cool down the roof temperatures by absorbing heat; green roofs
covered with vegetation can absorb some of the solar radiation, using it for processes like
photosynthesis instead of converting it into heat (Pritchard and Pritchard, 2023). A study done by
Sharma et al. (2023) supports that the heat produced by Air Conditioning systems can be
significantly reduced by green roof absorption, and residents in the areas that have high heat
risks can be protected by cooling down by green roofs in the room. Moreover, the shades
provided by green roofs can reduce direct sunlight exposure and further lowering surface and
ambient temperatures, mitigating heat vulnerability. Finally, the air quality improvement by
green roofs can also reveal the potential of green roofs to modify the temperatures and mitigate
UHI effects (Sharma et al., 2018).

Other Benefits of Green Roofs

Green roofs can contribute significantly to landfill diversions by prolonging the life of
waterproofing membranes, reducing associated waste, using recycled materials in growing
medium, and extending the service life of heating, ventilation, and HAVC systems through
decreased use (Vijayaraghavan, 2015). It also buffers acidic rain and theoretically retains

pollutants to produce good-quality stormwater runoffs (Vijayaraghavan, 2015).
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Moreover, Green roofs help the city achieve its sustainable future by cleaning the air for easy
comfort in urban areas. Green roofs possess the capability to trap harmful fine dust particles in
the air, contributing to improved comfort for people in densely urbanized areas. In cities, the air
is often filled with these fine dust particles, which degrade the urban environment and cause
discomfort (Shafique et al., 2018). Another benefit green roofs will bring to the built
environment part is noise reduction; Shafique et al.(2018) believed that green roofs can reduce

noise from both indoors and outdoors.

Green roofs also contribute to smart growth objectives and enhance the urban landscape by
adding valuable green spaces and reducing opposition to development projects (Shafique et al.,
2018 and Green Roofs for Healthy Cities, n.d.). In terms of employment, the expansion of the
green roof sector opens up various job possibilities in fields such as manufacturing, horticulture,
design, installation, and upkeep. American Rivers indicates that an investment of $10 billion
could generate 190,000 jobs by developing 48.5 billion square feet of green roof space,
equivalent to one percent of the roof space in U.S. communities with over 50,000 residents
(Shafique et al., 2018 and Green Roofs for Healthy Cities, n.d.). This growth presents an
opportunity for revitalizing densely populated urban zones previously considered unsuitable for

development.

Green Roofs Bring More Equities

A review by Razzaghi Asi (2023) suggested the importance of integrating environmental justice
into the planning, policy-making, and implementation of green roofs. Socioeconomic disparities

remain a driving force in determining which groups are the most significantly affected by the
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urban heat island effect, as low-income communities are often without access to green spaces
(Sanchez and Reames, 2019). Cities can ensure that the benefits of green infrastructure are
shared equitably among all residents, particularly those in vulnerable and marginalized
communities (Razzaghi Asi, 2023). Providing more green roofs among communities as a type of
green infrastructure promotes the accessibility of minority groups to gain equitable green spaces
(Razzaghi Asi, 2023). Policy development should focus on overcoming barriers to equitable
green roof access and leveraging green roofs as a tool for promoting urban sustainability and

environmental equity (Razzaghi Asi, 2023).

Moreover, Anderson et al. (2021) mentioned in their research that examined the impacts of green
infrastructure in Canada that green roof, as one of the key green infrastructures that are largely
promoted in urban areas, provides equitable sharing spaces for residents. The space contains
multiple applications of green infrastructure that could produce an herb and vegetable garden,
which is an urban learning hub that provides a wide variety of fresh produce including fruit,
vegetables, herbs, and medicinal plants; the produce from this site was used by the residents
from various communities within the city (Anderson et al., 2021). The rooftop gardens provide
urban residents with a different angle of life in the city, and they guarantee a source of fresh air

and fresh food products.

In most North American cities, such as Philadelphia, New York, Chicago, or Detroit, the

research done by Sanchez and Reames (2019) reveals that most policies do not adequately

address environmental justice concerns. While some initiatives attempt to promote distributional

17
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justice by expanding green roof implementation across different urban areas, they often fail to
consider important factors like zoning, property ownership, and affordability, leading to unequal

benefits (Sanchez and Reames, 2019).

Policy Framework of Green Roofs in NYC

The development and success of green roof systems are intricately linked to policy incentives, as
noted by Carter and Fowler (2007). Carter and Fowler (2007) revealed the federal statutes
regarding green roofs nationally: the integration of green roof systems within the regulatory
framework of the Clean Water Act (CWA), and the National Pollutant Discharge Elimination
System (NPDES) permits mandate stormwater management programs, with green roofs
identified as a key best management practice. Also, the Combined Sewer Overflow (CSO) policy
requires communities with combined storm sewer systems to implement pollution prevention
programs, with green roofs potentially reducing combined sewer volumes (Carter and Fowler,
2007). Additionally, Section 303(d) of the CWA necessitates water quality standards and Total
Maximum Daily Loads (TMDLs), where green roofs may be included in implementation plans to
mitigate stormwater runoff, and Section 319 addresses nonpoint source pollution controls,
endorsing green roofs, and provides a grant program for related projects (Carter Fowler, 2007).
The text cites twelve funded green roof projects under Section 319 as of 2006, highlighting the
practical application of these regulations in promoting green roof initiatives across the United
States. Carter and Fowler (2007) also mentioned that other federal agencies have adopted
“green” incentives that indirectly encourage green roof installation through the building
requirements at a federal level: Leadership in Energy and Environmental Design (LEED)

certified in U.S. building projects and provided appropriate standards. Environmental Protection
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Agency (EPA) actively promotes green roofs as part of its Green Infrastructure Initiative, and its
explicit endorsement of green roofs as a green infrastructure practice aligns with the initiative's

objectives, emphasizing their integral role in achieving environmental goals.

NYC Climate Mobilization Act

New Laws 92 and 94 under the term ‘Sustainable Roofing Zone’ as part of NYC have defined in
the Building Code an area of the roof with solar panels or green roofing or a combination of the
two (Sina, 2023). According to the laws, which have been mandatory since 2019, a green roof
must be installed on all new buildings or those undergoing certain major renovations, and these
laws also permit low-income communities to use a five-year exemption if the Department of

Housing and Development approves their affordability status (Sina, 2023).

Property Tax Abatement

On municipal and community levels, Columbia Climate School (n.d.) explained in a report that
incentives such as property tax abatement can support the installation of green roofs, as NYC
implements policies such as Local Laws 92 and Local Law 94 of 2019. Regarding the financial
incentives provided by local laws as a tax abatement strategy, the NYC Department of Finance
(n.d.) outlines details regarding a green roof tax abatement program. The abatement, set at $5.23
per square foot of green roof space, is subject to a cap—whichever is lower between $200,000 or
the building's property tax amount for the year. Any excess abatement not utilized in a given tax

year can be carried forward and applied within five years. It has been stated that the Mayor's
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Office of PlaNYC Getting Sustainability Done Report (2023) had instituted a rule granting
certain districts an enhanced benefit of $15 per square foot for green roof space, which is an
enhanced tax abatement update as Mayor Adams post the PlaNYC that pointed out a new
sustainability goal in 2023. Condominium abatements are distributed among individual units,

and the abatement duration spans one year (PlaNYC, 2023).

NYC building (n.d.) pointed out that the design of a green roof must meet specific requirements
to be eligible for property tax abatement. For example, it must have a layer of vegetation
covering 50% of the rooftop. Sedum, or drought-resistant, live plants, must be spaced to cover at
least 80% of this planted layer. The Department of Finance (n.d.) got involved with the
administration of the green roof abatement, while the Department of Buildings is responsible for
determining eligibility and approving abatement applications. This comprehensive framework
highlights the nuanced aspects of the green roof tax abatement program, encompassing rates,
caps, enhanced benefits, condominium allocations, abatement duration, and administrative

responsibilities.

To be eligible for a tax abatement, green roofs in New York City must adhere to a set of criteria
established to ensure their effectiveness and sustainability. The NYC Buildings (n.d.) issued an
initiation of construction on the green roof must have occurred on or after August 5, 2008. The
design must ensure that a minimum of 50% of the eligible roof area is covered by the green
installation. Importantly, the vegetative layer of the green roof must be at least 80% live plants,

such as sedum or other species that are similarly drought-resistant, verified by a certified
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professional in New York State, according to the codes. Additionally, the roof must include a
weatherproof and waterproof membrane, a root barrier, and a drainage layer that allows for
inspection and cleaning (NYC Buildings, n.d.). A filter or separation fabric, along with a growth
medium that is at least two inches deep, is required; if the medium is less than three inches thick,
an independent water-holding layer must be added to prevent rapid drying unless it's certified
that regular irrigation is unnecessary, and a comprehensive maintenance plan, including semi-
annual inspections, plant replacement strategies, monthly drain checks, and a commitment to
maintain the green roof for at least four years post-abatement, is also mandatory (NYC

Buildings, n.d.).

Green Roof Grant Program

NYC DEP (2021) defined a NYC Green Infrastructure Grant Program by providing funds for the
design and construction of green roof retrofits on private properties in NYC, and it aims to
incentivize private property owners to modify their roofs with green roofs to better manage
rainwater runoffs. It supports the development of green roofs in New York City by providing
funding based on the size of the green roof area (GRA) and the depth of the soil used in the
project (DEP, 2021). To be eligible for funding, a green roof project must meet a minimum
budget requirement of $50,000. The project will be evaluated at three stages of design—initial
schematic, 75% completion, and final (100%) design—with each phase subject to a two-week
review period (DEP, 2021). DEP (2021) suggested that the program reimburses costs associated
with the green roof based on a per-square-foot (SF) rate, which is determined by both the size of
the green roof (in square feet) and the depth of the soil (in inches). However, there are minimum

criteria for a project to be eligible for grant funding, according to the NYC DEP (2021): the
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project must have at least 1.5 inches of soil depth and cover at least 5,000 square feet. For areas
between 5,000 and 20,000 square feet, a specific reimbursement rate is applied per square foot,
which is defined in the program's guidelines. If the green roof area exceeds 20,000 square feet,

the reimbursement rate for each square foot of planted area beyond 20,000 square feet is

calculated at 50% of the standard rate (NYC DEP, 2021).

This structure encourages the installation of larger green roofs by offering financial incentives,
while also setting a threshold for both the size and soil depth to ensure that projects contribute
effectively to stormwater management and other environmental benefits associated with green

roofs.

Enhancement Resources

Local Law 93 creates an office of alternative energy, which is required to provide a website of
information and resources for the installation of green roofs (Green Roof Researchers Alliance,
2018), which further fills the information gaps between green roof developers and decision-

makers.

Challenges for NYC Green Roofs

The benefits of green roofs are filtered through social, ecological, and technological dimensions
of urban systems, but the drawbacks also come in the same way. The broadcast published by All
Of It with Stewart (2023) identifies the challenges externally outside the systems and internally

from green roof builders. According to Stewart (2023), complaints usually come from renters

and apartment owners, consisting of concerns about noise, weight, and leaks; people are also
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worried about green roof maintenance on their buildings as private green roof developers due to
the Local Law 92 and 94 stated that new construction of buildings should build a green roof
(Stewart, 2023). Private owners are struggling to choose between building green roofs and
installing solar panels since they are now acknowledged enough with both the environmental and
social benefits of owning a green roof (Stewart, 2023). The green roof system lacks actual
provisioning of the benefits depends on infrastructure filters: green roofs are mentioned to solve
the problem of surface flooding and address heat vulnerability, but whether green roofs can be
installed in geographic areas with combined sewer system given building constraints such as

load bearing capacity, and whether they can be built to specifications that contribute substantially
as a solution based on factors such as slope to play a role in solving these climate change

problems are mentioned by Treglia et al. (2022).

Additionally, seasonality plays a significant role in the performance and maintenance needs of
green roofs. For instance, the effectiveness of green roofs in stormwater management and
cooling can vary with the seasons, influenced by plant growth cycles and weather conditions
(Design Cost Data, n.d.). In winter, green roofs are less attractive for commercial buildings, and
the precipitation absorption decreases from seventy percent to ninety percent to twenty-five
percent to forty percent (Green Roofs for Healthy Cities, n.d., and Design Cost Data, n.d.),

severely reducing the benefits that it will bring to help the city adapt to climate change.

Cost is another significant factor when considering the installation of green roofs. Initial

installation costs can be very high: extensive green roofs range from ten dollars to fifty dollars
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per square foot, which is generally more affordable than intensive green roofs which cost from
twenty dollars to two hundred dollars per square foot (Adaptive Green, n.d., and Design Cost
Data, n.d.). The maintenance fee is another important consideration, while extensive green roofs
require relatively low maintenance, intensive green roofs demand more care by supporting a
wide variety of plants (Adaptive Green, n.d., and Hamid et al., 2023). This can include irrigation,
fertilization, weeding, and sometimes, replanting, and the annual green roof maintenance prices
span from seventy-five cents to one dollar and fifty cents per square foot on a national scale
(Home Advisor, 2022), so maintenance adds to extra difficulties for buildings and funders who
want to implement green roofs. Lacking incentives on both financial and non-financial may harm

the implementation of green roofs and the installation efficiency (Shafique et al., 2018).

At an institutional level, centralized goals can drive policies to increase green roofs in areas
where they are most needed based on individual criteria or multi-criteria analyses (Treglia et al.,
2022); in NYC, multiple drivers such as residents, property owners, installers, and engineers all
leave impacts on green roofs on installation and formation, and the access to green roofs can be
affected by institutional dynamics (Treglia et al., 2022, and Hamid et al., 2023). It is also evident
that lack of owner/client interest is another barrier to promoting green roofs. Many building
owners and clients may have limited awareness and understanding of the benefits and value of
green roofs and their advantages, and it leads to a lack of interest in incorporating green roofs
into building projects (Hamid et al., 2023), corresponding with a slow process of distributing

green roofs in NYC.
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Lastly, NYC has a very unequal distribution of green roofs; only seven hundred and thirty-six
green roofs in NYC, although there may have been others Treglia et al. (2022) did not detect.
According to Treglia et al. (2022), the green roofs they detected are not evenly distributed in

NYC, and most of them are very common in midtown and downtown Manhattan, while most

other areas have few to note.

Methodology

This research incorporates a multifaceted methodological approach to investigate the
implementation and impact of green roofs in urban environments, focusing primarily on New
York City (NYC) while drawing comparisons with global counterparts. The methodologies
employed include retrospective data collection through interviews, comparative case studies,
quantitative data analysis mainly through ArcGIS pro, and targeted site visits. Each method is
designed to contribute unique insights into green roofs' development, observation, and policy

implications.

Retrospective Data Collection through Interviews

To gather historical and contextual insights into green roof initiatives, the study engaged in
retrospective data collection, primarily through conducting interviews with diverse stakeholders
involved in the green roof sector. The interviewees were carefully selected to represent a wide

range of perspectives and experiences, including:

a. Workers from public green roof projects,

b. Developers involved in the creation of green roofs and other green infrastructures,
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c. Designers from private firms specializing in green roof designs.

The interview method involved a series of structured interviews totaling five participants. The
format for each interview was a semi-structured dialogue, which contains seven open-ended
questions to ensure comparability of data. Each interview takes up to thirty minutes, and they
were conducted in two formats: face-to-face interview via Zoom and via video calls. These
conversations were recorded with the consent of the participants, transcribed verbatim, and
analyzed using thematic analysis to talk about patterns and themes related to the challenges,

successes, and evolutionary trajectories of green roofs projects in NYC and beyond.

This qualitative data collection aimed to uncover nuanced understandings of the challenges,

successes, and evolution of green roof projects in NYC and beyond.

Comparative Case Studies

The research further employed a comparative case study methodology to examine the policy
frameworks, implementation strategies, and outcomes of green roof projects in three distinct

urban settings:

a. New York City (NYC), USA - Serving as the primary focus, the NYC case study

explores the current state of green roof implementation, with a particular emphasis on

policy frameworks.
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b. Shenzhen, China - This case study provides insights into the green roof initiatives within
a rapidly urbanizing context, offering a comparative perspective on policy and design
approaches.

c. Copenhagen, Denmark - Known for its commitment to sustainability, Copenhagen'’s

green roof strategies are analyzed for best practices and innovative policy solutions.

These case studies aim to identify the differences and similarities in policy frameworks across
the cities, contributing to the development of policy recommendations that could enhance the

effectiveness and adoption of green roofs in NYC.

Site Visits

An integral component of this research involved conducting site visits to several of NYC's
prominent green roofs. These visits allowed for direct observation and assessment of green roof
designs, functionality, and integration within urban spaces. Both privately owned and publicly
owned green roofs were included to ensure a comprehensive understanding of various

implementation models. The potential sites for these visits included:

a. New York City Audubon at the Javits Center,
b. 21 West End Apartment Rooftop,
c. Brooklyn Botanic Garden,

d. Barnard College's Zine Library.
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These visits provided invaluable empirical data and visual evidence to support the research
findings, enabling a deeper analysis of green roof benefits and challenges within the urban

ecosystem of NYC.

Quantitative Data and GIS Mapping

This study employs Geographic Information Systems (GIS) analysis to examine the extent to
which green roofs can mitigate heat vulnerability and climate change impacts in New York City
(NYC). The methodology encompasses several steps, each designed to analyze the distribution
of green roofs across the city, their relation to various vulnerability zones, and their potential
benefits in reducing urban heat. The following subsections detail the specific methodologies used

in this research.

Data Acquisition and Preparation

To conduct the analysis, the researcher sourced data on green roof locations in NYC from The
Nature Conservancy’s datasets published on Zenodo. The researcher utilized the NYC
Neighborhood Tabulation Area (NTA) 2016 layer, provided by NYC Planning, and NYC
household income data (2015) from Esri's website. The Heat VVulnerability Index (HVI) table

was acquired from the NYC Department of Health and Mental Hygiene (DOHMH).

Spatial Analysis of Green Roofs

Initially, the researcher identified and categorized green roofs within NYC as either private or
public. Utilizing the "Summarize Within™ geoprocessing tool in our GIS software, the researcher

quantified the number of green roofs within each NTA. This analysis was aimed at mapping the
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distribution of green roofs across the city and understanding their concentration in relation to tax

abatement priority districts, as defined by the NYC Mayor’s Office.

Integration of Heat Vulnerability Index

By employing a Table Join operation, the research integrated the HVI data with the NTA layer to
produce an enriched dataset illustrating heat vulnerability at the NTA level. Adjustments in

symbology were made to visualize the HVI scores across different NTAs effectively.

Analysis of Green Roofs in Vulnerability Zones

The research conducted an in-depth analysis to determine the alignment of green roof locations
with different vulnerability zones. This involved counting the number of green roofs present in
each NTA, summarizing these counts in a table, and calculating percentages for a clearer
comparison. The results were visualized through maps and graphs to highlight the potential

impact of green roofs on mitigating heat vulnerability.

Mapping Tax Abatement Priority Districts and Household Income

To further our analysis, the research mapped tax abatement priority districts about green roof
distributions and heat vulnerability zones. Then, the research created a map showcasing NYC
median household income by clipping the income data with an NYC borough shapefile obtained
from a GIS class. This was aimed at understanding the socio-economic dimensions that may

influence the distribution and feasibility of green roof installations.
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Visualization and Interpretation.

All maps and visualizations were created using GIS software and further refined with Adobe
Illustrator for publication quality. The symbology was carefully selected to ensure a clear

representation of data and to facilitate the interpretation of complex spatial relationships.

Findings

Case Study: The Reality of NYC Green Roofs

Green Roof Capacity in NYC

In NYC, seventy three percent of the surface area is impermeable, a figure that might rise.
Rooftops, a largely underused asset, account for a significant portion of these water-resistant
surfaces (DEP, 2020). The city boasts roughly 1 million rooftops, translating to 40,000 acres or
62.5 square miles of potential green roof space. According to the DEP (2020) comprehensive
study of the city's impervious areas, between 2010 and 2019, only about 0.09 square miles (or
sixty acres) of rooftops were converted into green roofs. This represents a minuscule market
penetration of just 0.144%, highlighting a vast potential for expansion in the green roof sector.
Such growth would not only benefit the environment but also generate local, sustainable
employment opportunities (DEP, 2020). To visualize the potential impact, consider that Central
Park covers 840 acres; converting all available rooftop space into green roofs would be
equivalent to adding 47 Central Parks to the city. This transformation could dramatically enhance

access to spaces that inspire, support food production, improve water quality, and increase local
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biodiversity, thereby strengthening the connection between urban residents and the natural
environment (DEP, 2020). The opportunity to turn underused rooftops into vibrant, beneficial

spaces is immense and full of potential for fostering urban connections with nature.

Treglia et al. (2022) addressed that they mapped green roofs in NYC by classifying aerial
imagery and manually refining the results, finding 736 green roofs, covering approximately
twenty-five hectares, amidst over one million buildings with a total area of nearly 16,000
hectares. This means less than 0.01% of NYC's buildings and only 0.16% of the total rooftop
space have green roofs (Treglia et al., 2022). Although not every building is suitable for a green
roof, and it's possible we missed some, there's a significant potential to expand the number and
coverage of green roofs in the city. The distribution of green roofs isn't uniform, with the highest
concentration in Manhattan's midtown and downtown areas. According to Treglia et al. (2022),
this pattern is influenced by various factors that affect where green roofs can provide the most
benefit, given local conditions, and they didn't find a link between the presence of green roofs
and the heat vulnerability of neighborhoods, despite green roofs' potential to mitigate extreme
heat effects. Interestingly, areas with more green roofs often coincide with City Council Districts
that have a large portion of combined-sewer systems, suggesting that green roofs are being
utilized where they can aid in managing stormwater challenges that the city faces (Treglia et al.,

2022).

Green Roofs Ownerships in NYC

The NYC green roofs can be categorized into two different ownership types: Privately owned

and publicly owned, according to The Nature Conservancy’s report (2022). The 736 green roofs
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on public and private buildings cover only about 60 acres; nearly 90% of green roofs are located
on private property, with most of those (254) installed on residential buildings (Treglia et al.,
2022). The largest footprint of green roofs comes from private institutional facilities—two
installations at the Jacob Javits Convention Center and Barclays Center in downtown Brooklyn
(Treglia et al., 2022 and the Green Roof Researchers Alliance, 2018). Due to the private
institutional-owned green roofs’ large building sizes, they make up approximately 9.31 acres (or
nearly 15% of the total area of installed green roofs in NYC) (Treglia et al., 2022). Owners of
those private green roofs on private buildings appear to be capturing associated environmental

and economic benefits.

Most of the green roofs are small, and the median area of a green roof in NYC is about 1,200
square feet—just under 1.5 times the size of an average Manhattan apartment, which is about
866 square feet (Treglia et al., 2022 and the Green Roof Researchers Alliance, 2018). Based on
data: the ‘Ownership Type’ field of Map PLUTO, version 18v1 (PLUTO, 2018), the Nature

Conservancy made a table of NYC green roof ownerships:

Ownership Building Type Number of Green Acreage
Roofs
Public Residential 3 0.15
Mixed-use 5 0.87
(Commercial and
Residential)
Institutional 59 7.47
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Commercial 8 2.81
Sub-Total 75 11.30

Private Residential 254 9.68
Mixed-use 216 11.55
(Commercial and
Residential)
Institutional 68 17.54
Commercial 123 10.77
Sub-Total 661 49.54

Table 1. Green Roof Distribution by Ownership and Building Type (Treglia et al., 2022 and

PLUTO, 2018).

NYC Green Roof Priority Zones and its Distribution

NYC Buildings (n.d.) defined the eligibility for green roof owners who can apply for a tax
abatement, which includes commencing construction on or after August 5, 2008, as a
prerequisite, and a minimum of 50% of eligible roof space must be covered by the green roof,
featuring a vegetation layer, predominantly composed of live plants like sedum or similarly
robust species. Certification by a licensed professional—architect, engineer, landscape architect,
or horticulturist—is mandatory for the vegetative layer. Other mandatory components, according
to NYC Building (n.d.) and NYC EPA (n.d.), included a weatherproof and fire-code-compliant
roofing membrane, a root barrier layer, an inspectable drainage layer, a filter or separation fabric,
and a growth medium with a minimum depth of two inches. If the growth medium is less than

three inches deep, an independent water-holding layer is required unless the green roof is
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certified not to need regular irrigation. A maintenance plan, spanning a minimum of four years
post-abatement, is integral. This plan includes semi-annual inspections, plant replacement
strategies, monthly drain inspections to ensure debris-free drainage, and ongoing green roof

upkeep (NYC Building, n.d.).

The stringent specifications outlined in the literature emphasize the comprehensive nature of the
green roof construction requirements, ensuring adherence to established standards for tax
abatement eligibility. There are also planned priority districts to gain the green roof tax
abatement developed by NYC Planning (n.d.) as Community District Profiles and a company
called “Building Energy Exchange” (2021). Within the framework of the Climate Mobilization
Act, the imperatives outlined in Local Law 92 and Local Law 94 of 2019 dictate the mandatory
integration of green roofs, solar panels, or a combination of both in new constructions and
extensive roof renovations (Building Energy Exchange, 2021). These requirements apply to what
is defined as a "sustainable roofing zone." The Mayor's Office of Long-Term Planning and
Sustainability, also known as the Mayor's Office of Sustainability, has instituted regulations
designating specific city Community Districts as Priority Zones for the Green Roof Tax
Abatement initiative. The Mayor's Office of Sustainability (2023) has disseminated pertinent
information, including Priority Districts and corresponding tax abatement rates, with an

accompanying preliminary map showcasing the location of these priority zones (Figure 1).
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New York City
Green Roof
Tax Abatement:

Figure 6 Left. NYC Green Roof Tax Abatement: Priority Districts (Yancey, 2021).
Figure 7 Right. Heat Vulnerability Across NYC (Yancey, 2021).

According to Figure 6, Harlem districts in Manhattan, the majority of the Bronx, and some
districts in Brooklyn are listed as Priority Districts. The priority districts provide more equity to
help NYC bring more equality. Accordingly, the NYC Buildings (n.d.) enact a regulation of
priority community districts number comprehensively; in the Bronx, Community District
numbers 1,2,3,4,5,6,11 are stipulated as green roof construction priority districts. Otherwise, in
Brooklyn, Community District 3,4,5,8,9,16,17 are organized as the priority districts, while in
Manhattan, only Community District 10 is listed in the table. The enhanced districts have a tax

abatement rate of $15/sq ft., instead of posing a $5.23/sq ft. tax abatement in other zones.
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The right figure shows the heat vulnerability that was established by the NYC Department of
Health and Mental Hygiene (DOHMH); the DOHMH (n.d.) and Nayak et al. (2017) have
amassed data to link health issues (like higher asthma rates, mortality from heart attacks and
strokes, and hospital visits caused by poor air quality) to neighborhoods throughout the city. The
designation of tax abatement priority communities is correlated with the heat vulnerability index,
and the priority zones are related to income levels and green roof distribution indirectly

according to the GIS visual analysis.

Green Roof Numbers in NTA Green Roof Distribution in NYC

Green Roofs Numbers
@ NYC Green Roof

D=} NYC Borough
2-6
7-20

- 2-3

mm 38-62

Figure 8 Left: Green Roof Numbers in each NTA

Figure 9 Right: Green Roof Distribution in NYC
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Heat Vulnerability by NTA NYC Median Household Income Map
Heat Vulnerability Score By NTA 2015 Median Household Income
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Figure 10 Left: Heat Vulnerability Index in each NTA

Figure 11 Right: MYC Median Household Income in 2015

According to the vulnerability index map, the evidence of these communities becoming priority
zones of tax abatement became clearly. The priority zones meet the low distribution of green
roof numbers over the Bronx, the Harlem districts in Manhattan, and a large portion of Brooklyn.
Moreover, these areas are considered to have a very high Heat Vulnerability Index, according to
Figure 10 Left. As one of the key factors that help to calculate the Heat VVulnerability Index, the
median income of NYC households can prove the means of tax abatement priority districts.
Compared to Figure x Right and Figure 10 Left, the priority districts are matched with some low-

income neighborhoods in NYC; the majority of Bronx and Harlem neighborhoods in Manhattan
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show the lowest level of median household income. The large proportion of Brooklyn that are
considered green roof tax abatement priority districts are ranked as the first and the second
lowest income level in NYC; these overlaps explain why the tax abatement was established to

incentivize neighborhoods in these areas with direct financial subsidies.

According to the maps, the distribution of green roofs in NYC is very unequal. Although priority
zones are trying to incentivize low-income neighborhoods that suffer from high heat risks to
develop green roofs, the Treglia et al. (2022) dataset still shows a disparate distribution towards
the green roof locations. The majority of green roofs still exist in the higher-income areas that
have low heat vulnerability: midtown and downtown Manhattan, Long Island City, and the

generally wealthier areas in the Bronx.

Promote Green Roofs in Affordable/Public Housing

NYC is promoting green roof spaces in affordable housing or public housing areas, and a lot of
green roofs have already been installed. “My company has been managing and installing several
green roofs in the public housing areas in recent years, and a lot of them have been constructed
in the Bronx, the upper east side of Manhattan, the Brooklyn, and the Queens” from a respondent
(2024) who is a landscape architect from green roof design company. In accordance with this, he
(2024) said, “ these green roofs are highly confined with material prices, but they served to
provide a great job for those neighborhoods to address the surface flooding issues, especially for
Queens.” “ Most of the green roofs I designed for these neighborhoods to mitigate some flood
issues are accounted for private buildings, and there are definitely small sizes,” said the same

respondent (2024). Because of Hurricane Sandy, the NYC Department of City Planning and the
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Department of Environmental Protection both have a consideration on flooding mitigation as a
disaster preparedness process, and green infrastructure, such as green roofs, is a great measure
for this, according to another respondent who is a green roof director from a green roof design
and installation company. Therefore, public housing has plenty of marginalized groups affected
by future climate change problems greatly, so it has been attributed to a target location to use
green roofs to mitigate flooding problems. “Most of the green roofs are extensive green roofs for
those public or affordable housing due to the less expensive installation and maintenance fee

(Anonymous Respondent, 2024).”

Figure 12. Intervale green roof in the Bronx for public housing (Dominus, 2009).

With NYC’s population experiencing intense growth, it is predicted that there will be an
increment of UHI effects and more flooding issues that threaten people’s lives; there exists a lot
of environmental injustice, and the promotion of green roof installation among public housing or

affordable housing areas can maintain the environmental justice in providing more equitable
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green spaces and mitigating climate change hazards. The age of the buildings yields common
urban environmental problems such as increased demand for energy, sewage overflow, indoor air
pollution, and a higher cost of exporting waste (Jamboree, 2012). “An example in NYC is a
project we have in Inwood, NYC, where a church was converted into senior living units with a
green roof, providing a unique gathering space for residents. This project provides green space
and park access in neighborhoods with limited resources, making it a favorite to my recent
work,” in compliance with the landscape designer (2024). Installing a green roof with these
buildings can maintain the longevity of the building itself, and it provides more green spaces that
are more accessible for people who live in public housing areas (sometimes their homes are far

away from a public green space), according to a landscape designer.

Another trend is that there are more and more green roofs serving as a community garden,
especially for those implemented in affordable housing areas, according to the respondents.
“This action provides community livability among public spaces; children could make fun with
the community garden, and residents and come around and chat with each other when they are
planting and enjoying the garden,” said a green roof director (Anonymous Respondent, 2024). « I
could tell you a famous project that makes the green roof as a community garden perfectly,
which is the Via Verde in Bronx, NY—a very famous one,” the director (2024) said. According
to Dattner Architects (2012), the Via Verde’s designer, sustainability, and longevity were key
drivers at here, enabling the project to achieve cost-effective structural systems and a
prefabricated, high-performance rain screen; its 66kW building-integrated photovoltaic system,

onsite cogeneration, green roof, community vegetable gardens, green interior finishes, rainwater
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harvesting, and drought tolerant vegetation top become a precedent for future subsidized housing

in NYC (Dattner Architects, 2012).

Figure 13. Via Verde Rooftop Space Bird view (Dattner Architects, 2012).

Challenges of NYC Green Roofs

Installation and maintenance of green roofs are not cheap. “To build an extensive green roof in
NYC can be between $22-27 per square foot, and to build an intensive can cost anywhere from
$35 per square foot and up depending on the complexity of the design. | do not know how this
compares to other cities in the US, but | do think that compared to other countries it will be
higher,” said a landscape architect (2024) from a green roof building private company. He (2024)

said: “Maintenance for a green roof can also be dependent on the complexity of the plant palette,
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the owner’s requirements, and striking a balance between the two. Typically it’s less expensive
to maintain an extensive green roof since it requires fewer visits throughout the season - the
sedum plants don’t need to be pruned and cared for in the same way that grasses, shrubs, and

trees do on an intensive roof.”

Materials fees are in consideration. “The US is totally a market-driven country, and there is no
extra subsidy for us to build green roofs on affordable housing or public housing areas; the
material fees are inflating year by year, and the government has no measurement to help us lower
down the material’s price when purchasing. We have to calculate the budget severely ourselves,
so implementing green roofs is facing more and more challenges than before,” said a former

green roof builder (2024).

Moreover, green roofs in NYC now lack enough support from the government. Firstly, “the grant
program and the tax abatement was definitely not enough to cover the cost such as high
maintenance fee every year,” said a former green roof builder (2024). As for now, the NYC
government’s policies to incentivize green roofs include the Climate Mobilization Act 2019 to
requires the new building to have a green roof, the tax abatement to subsidize the green roof
builders, and a green roof grant program. There also exists a rule in NYC that allows properties
in select districts to receive a direct enhanced financial benefit. However, the abatement length
is only one year, and the condominium abatements are divided among the individual
condominium units (NYC Department of Finance, n.d.); also, Class 1,2, or 4 properties can

receive those benefits, and the construction must have begun on or after August 5, 2008 (NYC
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Department of Finance, n.d.). At least 50% of roof space must be covered by a green roof, and
people who receive ICAP, 421-a exemptions, 421-b tax incentive, or 421-g tax incentive, or pay
PILOTS are not eligible for the green roof abatement (NYC Department of Finance, n.d.). These

rules discourage a lot of potential green roof builders while seeing such strict requirements.

NYC green roofs lack an incentive for both public and private builders. According to the former
green roof developer (2024) who just turned to implement the solar panel explained to me that
“green roofs are less competitive now due to the cost-effective analysis. Solar panels and battery
storage over green roofs now attributed to more opportunities in those areas, despite initial
interest in comprehensive green solutions.” “There are a lot of limitations now,” said the
respondent (2024) who quite the green roofs market, * the financial returns are likely
unfavorable compared to other green infrastructure, also.” These downsides on financial returns
can unmotivated potential builders from the increasing prices they will take on in the future.
“NYC green roofs lack incentives and insufficient market-based solutions; the problematic grant
program and tax abatement hinder the accessibility and scalability of the policy framework.
Bureaucratic hurdles, financial feasibility issues, and the need for a more favorable policy
environment to facilitate green roof installations can also account for real-world challenges in

implementing green infrastructures like green roofs in NYC.

Lastly, NYC green roofs lack supervision or overview under the government agencies across the

green roof implementation process. According to the green roof policy specialist (2024) from a

green roof design company, “However, here in NYC, our approach is largely market-driven.
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This means that instead of having a structured program that supports the development and
maintenance of green roofs, we're at the mercy of fluctuating prices and interest. This
unpredictability can make it challenging for builders and property owners alike to commit to
green roof projects.” “ This lack of supervision has stunted the growth of green infrastructure in
our city. Contrast this with Washington D.C., where they've implemented clear, supportive
measures for green roof construction. In D.C., they offer incentives, provide clear guidelines, and
support builders with proactive government mandates and property owners through the process.
It's a model that we desperately need here in New York,” in compliance with the green roof

policy specialist (2024).

Green Roofs Projects in NYC

Large implementation of green roofs in flood-prone areas has been carried out in NYC. “We also
have a great project in Far Rockaway, a flood-prone area, where they added green space and
gathering areas through extensive green roofs,” said a green roof designer (2024). “ Green roofs
and street-level landscaping can help mitigate flooding in NYC, but there are more needs to be
done to make a significant impact on the whole city.” In reference, the green roof designer
(2024) mentioned the “sponge city” approach to urban planning in China, which involves
integrating green infrastructures to manage stormwater, but notes that implementing similar

projects in America may be challenging due to the cost and institutional/executive barriers.

Large-scale projects are more supported by the government rather than small-scale projects.
These small-scale projects throughout the city should have the most impact since they spread

widely and are easy to implement. “Large-scale green roofs such as Javits Center Green Roofs,
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the Barclays Center, and the Venture Center are famous projects that are largely promoted by the
government. We cannot deny that large green roofs can hold more carbon emissions and have
greater capabilities to cope with and adapt cities to climate change issues and mitigate UHI
effects. However, small-scale projects have more potential to develop and are easier to
implement. There are still large perspectives among small-scale green roofs, mostly appearing on
private buildings; these green roofs are less costly, easier to maintain by builders, and provide
more green spaces for residents, ” the former green roof builder (2024) stated. It is possible for
NYC to foster both small-scale and large-scale green roof projects regarding different demands

and different manipulation.

Case Study: Shenzhen, China and Copenhagen, Denmark’s Policy Framework

Case Study of Shenzhen, China

Economic reforms have brought the country remarkable development since the 1970s, and
Shenzhen began to grow at this time. With the rapid population growth, various environmental
problems are associated with urbanization, especially in China, the country that once had the
largest population in the world. Shenzhen, a city exemplifying rapid urbanization in southern
China, has seen its population swell to 13 million, with about half living in urban villages like
Gangxia. These areas offer the last bastions of affordable housing in a cityscape transformed
from farmland to high rises. Green roofs provide an environment-friendly solution; this country
is a typical country where the construction industry is the main energy consumption sector, and

the urgency of building green infrastructures, including green roofs, emerged.
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In a detailed case study by Hong et al. (2019), Shenzhen, China, is examined as a densely
populated urban area facing a significant shortage of green spaces, paralleling the environmental
challenges of cities like New York City. To address this, provincial policies, including urban
greening ordinances and regulations, have been established, laying a technical foundation for the
development of Green Roof policies, as further detailed by Dong et al. (2020). Specifically,
Shenzhen has identified critical areas for the implementation of roof greening and has
methodically pursued various construction methodologies, significantly contributing to the

initiative's scale and demonstration effects.

There exists a strategic framework that categorizes buildings into three groups—planned
buildings, existing structures, and a hybrid of the two—each with tailored construction modes.
This classification system facilitates the development of targeted approaches for the integration
of green roofs, reflecting the city's commitment to a nuanced and effective implementation
strategy. Moreover, Hong et al. (2019) outlines a prioritization scheme for the deployment of
green roofs, segmenting them into three categories: Priority Order One encompasses public and
municipal administration buildings; Priority Order Two targets emerging industries, businesses,
and offices; while Priority Order Three focuses on other buildings, primarily residential and
owned by individuals or collectives. The extremely centralized government and executive
responsiveness make the installation of green roofs process rapid citywide, and the measures of
Shenzhen Municipality on Promoting Green Buildings (2016) policy has been established

specifically for promoting green infrastructure, including green roofs, efficiently. The policy
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explains how largely the city will fund green buildings, analyzing the technologies to be adopted,
investment, and energy-saving effects (Justice Bureau of Shenzhen Municipality, 2016). The city
ranked first as green buildings at different levels. The incentives addressed that the municipal
finance department allocates funds annually from municipal building green infrastructure
conservations, and green buildings (buildings that contain infrastructures) achieving three-star
national evaluation get label costs refunded from these funds, while other label fees by the
municipal department will not be charged (Justice Bureau of Shenzhen Municipality, 2016).
Policies for high-star green buildings on land supply and benefits are developed by the municipal
planning land department, collectively (Justice Bureau of Shenzhen Municipality, 2016). The
strategies involve financial support and regulatory incentives for green building development.
These measures are designed to promote the construction and recognition of green buildings,

which are essential for sustainable urban development.

Another example for NYC to learn is about Gangxia Village. Gangxia Village, an urban village
in Shenzhen, is characterized by extremely dense living conditions and accommodates a large
number of affordable housing, with little to no green space (Xu and Yu, 2020). This, coupled
with a deficient underground sewage system, has made areas like Gangxia particularly prone to
flooding, especially during the six-month wet season (Xu and Yu, 2020), so the need for
sustainable, effective stormwater management solutions was critical. The Nature Conservancy
Shenzhen Office nurtures the “Green Cloud” project which emerged as a pioneering example of
the “Sponge City” initiative, which accounts for The Nature Conservancy’s idea of “The Nature-

Based Solutions.” The project contains plenty of residents’ self-promoted rain gardens on a small
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scale, which perfectly adapts to the confined living spaces inside this urban village. Also,
community-level green roofs can foster the livability of affordable housing, providing green
spaces and community gardens to enhance communication among neighborhoods. The project
not only addressed the technical challenges of urban flooding but also fostered community
engagement and cultural enrichment through the activities; it provides an idea of how NYC
promotes green roofs with confined living spaces (such as Manhattan) and shows a great

example to promote Manhattan of building community-level green roofs.

Figure 14. Gangxia Urban Village (Xu and Yu, 2020).
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Figure 15. Gangxia Village’s Green Roof, Aerial View (Xu and Yu, 2020).

In summary, there are two key strategies for the success of Shenzhen's green roof system: the
delineation of planned areas and the establishment of a timeline priority strategy. These strategic
components are critical to achieving a comprehensive and systematic deployment of green roofs
across the city, ensuring that this eco-friendly infrastructure can significantly contribute to urban
greening efforts and sustainability objectives. The “Green Cloud” project in Gangxia Village
stands as a testament to the transformative potential of green infrastructure in urban settings; by
addressing environmental challenges through innovative design and fostering community
involvement (Xu and Yu, 2020), the project exemplifies a holistic approach to green roofs

development, offering valuable lessons for NYC that grapple with similar challenges.
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Case Study of Copenhagen, Denmark

Copenhagen, Denmark’s vibrant capital, stands as a beacon of sustainability and urban greenery
in the global landscape. Renowned for its historic charm, modern architecture, and commitment
to environmental stewardship, Copenhagen has seamlessly integrated nature within its urban
fabric, making it one of the world’s greenest cities; it has been set a base that Copenhagen has a
strategy for biodiversity plan, and in 2008, Copenhagen initiated a strategic pivot towards
innovative rainwater management solutions, culminating in the Wastewater Plan 2008 (Baykal,
n.d.). This pioneering document marked the city's first foray into such sustainable practices
(Baykal, n.d.). The subsequent year saw Denmark hosting the UN Climate Change Conference
(COP 15), an event that established the groundwork for strategies aimed at combating climate
change challenges. Within this framework, a visionary goal was articulated for Denmark to
achieve carbon neutrality by 2025, as outlined in the documentation provided by Baykal (n.d.).
This ambition catalyzed a heightened emphasis on green infrastructure, particularly green roofs,
as integral to Copenhagen’s Climate Plan’s urban design objectives. Post-2010, the city has
mandated the integration of green roofs in the majority of new planning proposals, leading to the
promotion and installation of approximately 200,000 square meters of green roofs across the city
(Baykal, n.d.). This movement not only underlines Copenhagen's commitment to sustainable

urban development but also contributes significantly to its green landscape.

In Copenhagen, a mandatory green roof bylaw requires developers to install green roofs under

particular circumstances, and it applies a multifaceted approach integrating various policy

instruments to encourage people to build roofs (Clar and Steurer, 2021). In Clar and Steurer's
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(2021) study, Copenhagen’s green roof policy mandates under certain circumstances, are
supported by a conducive social and political environment. Some technical guidelines, for
example, the guidelines for sustainability in constructions and civil works and the city’s Strategy

for Biodiversity (Burszta-Adamiak and Fialkiewicz, 2019).

Key elements include fiscal incentives over mandatory policies and the governmental
implementation of green roofs as part of the NBS process (Natural-Based Solutions), and
Copenhagen has required green roofs on all new buildings with roof slopes of less than 30
degrees since the year 2010 (Burszta-Adamiak and Fialkiewicz, 2019). The strategy that
Copenhagen used to implement green roofs is the dilemmatic incentives, in that building owners
bear most of the risks and potential disadvantages, while the public collectively benefits push the
green roof building requirements forward to promote the coverage of roofs greenery mandatorily
(Burdermann and Sangkakool, 2016). The successful execution of the adopted incentives, and
initiatives supporting the development of green roofs, led to the lucrative realization of green

roofs (Burszta-Adamiak and Fialkiewicz, 2019).

A practical example of a concerted push to enhance the city’s green spaces through the green
roofs, enriching Copenhagen’s environmental aesthetic and functionality. In the heart of
Copenhagen's ElImegade district, one of the densest quarters of inner Ngrrebro (Baykal, n.d.), a
visionary project emerges as a case study in urban sustainability and climate resilience. The BIR
project, nestled within the triangular block bordered by Birkegade, Egegade, and EImegade,

confronts the challenge of limited green space in highly populated urban areas. With its
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courtyards constrained by high-density living, the innovative solution was to conceptualize the
'missing garden' atop an existing housing block, complemented by the addition of three new
penthouses (Anderson, 2016). This initiative grants all residents access to a genuine outdoor
garden space, transcending traditional urban limitations. The rooftop garden at BIR is no
exception, designed as a multifunctional space with materiality that invites interaction and
engagement. Features include a playground with a shock-absorbent surface, a playful suspension
bridge, a green hill with varied seating areas adorned with real grass and durable vegetation, a

viewing platform, an outdoor kitchen and barbecue area, and a tranquil wood deck (JDS, 2016).

Figure 16. BIR/Hedonistic Rooftop Penthouses (JSD, 2016).

This approach not only maximizes the potential of limited urban space but also enhances the

quality of life for the coop's residents and contributes to the aesthetic and ecological landscape of

52



Haoxiangyu Zheng
Thesis Final Draft
Spring 2024

the neighborhood. The BIR project redefines the role of rooftops in urban architecture from mere

structural terminations to vibrant, multifunctional habitats.

The implications of Copenhagen's BIR project offer valuable insights for NYC, confronting
similar challenges of urban density and the need for green spaces. By reimagining rooftops as
accessible gardens and communal areas, cities can unlock new avenues for sustainable
development, biodiversity, and social cohesion. The BIR project exemplifies how urban areas
can effectively utilize every square inch of space to contribute to climate change mitigation and
sustainability goals, presenting a compelling model for NYC to grow micro-level green roofs on
existing urban areas and other urban centers seeking innovative solutions to enhance urban

livability and environmental resilience (JDS, 2016).

Case Study Summary

Compared to the Asian and European models, the NYC green roof system is less mandatory and
has more lenient restrictions (Chen and Gou, 2022). The case studies of Shenzhen, China, and
Copenhagen, Denmark, illustrate pioneering approaches to integrating green roofs within urban
landscapes, pointing out the roles policy frameworks, incentives, and urban planning play in
fostering sustainable development and addressing climate change mitigations. Both cities
demonstrate the potential of green roofs to not only address environmental challenges such as
stormwater management and urban heat islands but also to enhance urban biodiversity, improve

air quality, and contribute to the psychological well-being of city dwellers.
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Shenzhen’s strategic implementation, driven by a clear categorization of buildings and a
prioritized timeline, shows the effectiveness of tailored policy measures and strong government
support in rapidly urbanizing contexts. The “Green Cloud” project within Gangxia Village
exemplifies how community engagement and Natural-Based Solutions can address specific
urban challenges such as flooding while promoting social cohesion and livability in a dense
urban setting. Copenhagen’s mandatory green roof bylaw, supported by a conducive socio-
political environment and complemented by technical guidelines and biodiversity strategies,
highlights the importance of comprehensive planning and mandatory measures in adopting green
roofs. The city’s success in integrating green roofs into its urban fabric, as demonstrated by the
BIR project, provides a model for creating multifunctional spaces that enhance the quality of

urban life, even in densely populated areas.

These case studies offer valuable lessons in leveraging policy, incentives, and urban planning to
advance the integration of green roofs and address climate change challenges. There needs to be
clear regulatory frameworks and targeted incentives are essential to promote the widespread
adoption of green roofs; community engagement of the involvement of residents can enhance the
effectiveness of such initiatives. Planners should consider prioritizing multifunctional green

spaces that address environmental issues and improve urban aesthetics.

Aspect Shenzhen Copenhagen New York City
Government Extensive subsidies; | Required on all new | Tax abatement up to
Subsidies categorized building- | buildings with roof $200,000; additional
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specific strategies
leading to rapid

implementation

slopes <30 degrees
since 2010; supported
by various policy

instruments

incentives in priority
areas, but overall
support considered

not enough

Enforcement of

Standards

Stringent, with policy
measures and a
prioritized timeline
for different building

categories

Mandatory bylaws
with multifunctional
green space
requirements; strict
adherence to
technical guidelines
and biodiversity

strategies

Voluntary, driven by
market forces with
minimal government
oversight; standards
are less stringent and
enforcement is not

enough attentive

Policy Framework

Highly centralized
and responsive;
prioritizes green roof
implementation
citywide with clear
categorization and

timelines

Comprehensive
planning and
mandatory measures;
strong socio-political
support and technical

guidelines in place

Policy incentives
such as tax
abatements aim to
encourage adoption,
yet the framework
lacks robust
government support

and supervision

Community

Engagement

Strong focus on

community

High level of public

involvement and

Most of the project

are confined to larger
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involvement, integration into urban | size; small-scale
especially in the living spaces, projects lack support
project “Green enhancing social by the government
Cloud” in dense cohesion despite their potential
urban settings impacts. However, it

has a trend to
promote green roof as
community gardens
among subsidized

housing areas

Table 2: Comparison Table for the Green Roof Policies in Shenzhen, Copenhagen, and NYC.

Discussion and Limitations

In assessing the effectiveness and impact of green roof installations, particularly within urban
environments, the study faced several methodological limitations that warrant consideration. The
composition and size of the respondent group represent a significant constraint. With a total of
only five respondents, the breadth of perspectives captured was inherently limited. Compounding
this issue, three of the respondents are employed by the same green roof design company,
potentially skewing the data towards the experiences and practices of a single entity. This
homogeneity in the respondent pool is further underscored by their professional backgrounds:

most are landscape architects or designers, with only one having direct experience as a green
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roof developer, and another as a green roof specialist/director. The absence of any respondents
who are current green roof builders or owners means that our study lacks critical insights from
those directly involved in the construction and maintenance of these systems. The lack of
conversations with actual green roof builders should be deficient in this research, and the study
may not reflect direct experience as a source to support some NYC green roof systems’

drawbacks.

Access to green roof sites posed another significant challenge to our research. Due to restrictions
on entry to certain private green roofs and those located in public housing areas, the
observational study relied heavily on secondary sources, such as photographs, to glean insights.
This reliance on indirect observation limits the depth of empirical evidence the research could
gather, particularly concerning the technical aspects and operational challenges of green roof

maintenance and performance.

The timing of this research further constrained our observational capabilities. Conducted during
the winter months, when many public green roofs were closed to tours until the spring of 2024,
the ability to conduct firsthand observations was severely limited. Moreover, the seasonal
dormancy of plant life during this period meant that the aesthetic and potentially some ecological
benefits of green roofs could not be fully assessed. This seasonal bias introduces a temporal
limitation to our findings, suggesting the need for longitudinal studies that capture the cyclical

nature of green roof ecosystems.
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Lastly, the literature review highlighted a gap in existing research, particularly concerning the
installation of green roofs in public/affordable housing areas. While there is a growing interest in
the subject, evidenced by an increase in installations, the body of academic literature and case
studies remains limited. This gap indicates a burgeoning field of study ripe for exploration but
also underscores the need for further research to understand the implications, benefits, and

challenges of implementing green roofs in diverse urban settings.

In light of these limitations, the thesis research aims to contribute to the ongoing discourse on
urban green infrastructure by highlighting the need for more comprehensive, diverse, and
longitudinal research. The insights derived from the study, while constrained, underscore the
complexity and multifaceted nature of green roof implementation and maintenance. Future
research should aim to expand the respondent pool to include a broader spectrum of
stakeholders, ensure year-round observational studies to account for seasonal variations and
deepen the exploration into the socio-economic impacts of green roofs, particularly in

underserved communities such as those residing in public housing.

Conclusions

It becomes evident that the investigation into the deployment of green roofs in NYC stands at the
crux of urban sustainability efforts, blending the imperative for environmental resilience with a
vision for green urban futures. This study's exploration through the lens of NYC, complemented

by comparative analyses with Shenzhen, China, and Copenhagen, Denmark, illuminates the
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multifaceted role of green roofs in confronting urban environmental challenges while drawing

forth a nuanced policy framework tailored for NYC’s unique landscape.

Central to this thesis is the acknowledgment of green roofs not merely as a component of urban
green infrastructure but as an important strategy in New York City's environmental, economic,
and social realms. These living systems offer a robust solution to the UHI effect, enhance
stormwater management, contribute to biodiversity, and provide communal spaces for urban
dwellers, thereby aligning with the broader goals of sustainability and resilience. The study also
reveals some challenges the green roof system in NYC is holding: One of the primary challenges
identified pertains to the high initial installation and maintenance costs associated with green
roofs. This financial barrier is exacerbated by a lack of sufficient incentives and support from
local government, making the investment in green roofs less attractive to property owners.
Moreover, the uneven distribution of green roofs across the city, with a concentration in
wealthier areas and a scarcity in low-income neighborhoods, raises concerns about
environmental equity and accessibility. This disparity underscores the need for policy
interventions that ensure a more equitable distribution of green roofs, making them accessible to

all segments of the city's population.

The concept of priority zones emerges as a pivotal aspect of New York City's approach to
addressing the uneven distribution of green roofs. These zones, identified as areas where the
implementation of green roofs is most needed due to environmental vulnerabilities, aim to

incentivize property owners through enhanced tax abatements and other financial benefits.
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However, the effectiveness of these priority zones in promoting a more uniform distribution of
green roofs remains a subject of analysis, with the current deployment still skewed towards areas

with higher socioeconomic status.

The comparative case studies with Shenzhen and Copenhagen serve not as divergent narratives
but as reinforcing the central thesis that the efficacy of green roofs in urban sustainability
transcends geographical boundaries, yet requires localized policy frameworks to harness their
full potential. The case study with NYC reveals a trend that green roofs are now installed in
newly planned flood-prone zones, among affordable housing areas, and at a community level.
These cities offer lessons in policy implementation, community engagement, and integrated
urban planning, underscoring the importance of adaptable, context-specific strategies that

resonate with NYC's environmental goals and urban fabric.

In conclusion, the study advocates for a modified approach to urban sustainability in New York
City, where green roofs are central to the narrative. By drawing lessons from global precedents
and anchoring the discourse in localized policy recommendations, the research underscores the
potential of green roofs for a more small-scale construction and a future to enhance community
engagements. As NYC faces the challenges of the 21st century, the integration of green roofs
into the urban ecosystem emerges as a testament to the city's commitment to sustainability,
resilience, and a greener future. This research thus contributes to the evolving dialogue on urban
green infrastructure, offering a blueprint for cities worldwide to reimagine their relationship with

nature in the urban context.
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Policy Recommendations

Based on all the research and case studies this project illustrated, there are several policy

recommendations for NYC to press the urgency imposed by climate change and solve the

consequential problems that are harmful to residents’ lives. Accordingly, there are several policy

recommendations the study proposed:

1.

61

Enhanced Oversight and Supervision: The imperative for enhanced oversight in the
deployment of green roofs is mentioned by the proposal for a government-led approach,
prioritizing stringent supervision and monitoring of the installation process. Instituting an
institutional framework for the continuous tracking of rooftop utilization will facilitate a
comprehensive understanding of the myriad benefits afforded by these installations over
time. This strategy addresses the financial challenges associated with the high costs of
materials and maintenance, proposing direct governmental funding as a solution. Such an
approach not only mitigates financial burdens but also aligns with broader environmental

and sustainability goals.

Support Small-scale Projects: Enhancing small-scale projects offers a pragmatic
pathway to fostering the integration of green roofs within urban landscapes. There were a
lot of large-scale green roofs have been established in public/commercial buildings, and
the micro-scale rooftops are addressed an importance to be promoted by the research.
Government support for these initiatives is also crucial, as it reduces transaction

complexities, making green roofs a more attractive proposition for real estate owners.
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This focused support for small, demonstrable projects sets a precedent for scaling up

efforts, laying the groundwork for extensive implementation across the urban fabric.

Created Tiered Incentives: The introduction of tiered incentives aims to catalyze a more
robust investment and strategic engagement in green roofing projects. Tired incentives
refer to a structured approach to offering rewards, subsidies, or financial incentives that
vary in magnitude or type. By adjusting regulatory requirements and enhancing grant
programs, this approach could be designed to encourage adoption by offering greater
rewards or lower barriers to entry for projects that achieve higher levels of environmental
performance. Encouraging private investment in green rooftops by showcasing their
potential for financial returns can further attract real estate developers to invest in these
sustainable projects is a great method of incentives. Adapting incentives and regulations
to accommodate the diversity of property types ensures a broad-based application of

green roof technology.

Diversified Rooftop Utilization: The expansion of rooftop treatments beyond green
roofs to include renewable energy installations, stormwater capture systems (“blue
roofs"), and heat-reflective painted surfaces ("cool roofs") presents a multifaceted
approach to urban sustainability (Treglia et al., 2022). These interventions offer
complementary benefits and can be integrated with green roofs to maximize

environmental outcomes.
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5. Improve Community Involvement and Equitable Access: Community engagement
and equitable distribution of rooftop projects are central to ensuring that these
improvements do not result in unintended consequences, such as displacement.
Developing safeguards to protect communities, particularly in public and affordable
housing sectors, supports environmental justice and ensures that the benefits of rooftop
enhancements are accessible to all. The micro-level of green roofs in urban areas needs
more community involvement to make the project meaningful to its residents. The
planners should consider building more green roofs as community gardens to engage
citizens in biodiversity conservation and combating climate change. The trend of NYC

promoting more green roofs in subsidized housing areas can reveal the significance.

6. Explored Capacities to Make Green Roofs more Competitive: The potential for New
York City to lead in the implementation of green roofs and related technologies is
significant. To realize this potential, ambitious and practical policy revisions are
necessary to encourage the adoption of green roofs alongside solar panels and other
sustainable rooftop treatments. Coordinated action by both the City of New York and the
State of New York is essential to harness the suite of opportunities presented by these
technologies, ensuring equitable distribution and addressing the needs of communities

with the greatest potential for impact.

In summary, a comprehensive policy framework that includes enhanced governmental oversight,

support for small-scale projects, tiered incentives for private investment, and a focus on equitable
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community engagement and environmental justice is critical. Such a framework will enable New
York City to harness its considerable potential for rooftop sustainability, setting a model for

urban areas globally in the fight against climate change.
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Appendix

|. Green Roofs on a Private Building: 10th Floor on an Apartment Building at Manhattan

Midtown West
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1l. Green Roofs on a Public Building: Barnard College—The Diana Center (School Library)---

On the second, third, and fourth floors
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111. Public and Commercial Green Roofs: Brooklyn Botanic Garden—On the Rooftops of the

Center
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V. Green Roofs Construction Process on Brooklyn Botanic Gardens

LLOT ‘421u3) J01ISIA MU JO U0I312NJ3SUOD JOOI EEIS)

-

VL. Interview Questions

1. How does your organization define and implement green roofs? What key elements are
crucial in urban green buildings in NYC?

2. What do you feel about green roofs in an effective way functioning to make NYC more
sustainable?

3. Could you share your insights on cost-effectiveness in installing and maintaining green
roofs in NYC?

4. What is your personal or organizational stance on NYC’s incentives for green roofs? Is
the incentives you receive financial or nonfinancial? Do you believe that the existing
incentives are sufficient to encourage widespread adoption?

5. What are some success stories or case studies you could share with green roofs that have
already made a noticeable impact on the environment or communities in NYC?

6. Can you provide me with some examples of public-private partnerships or collaborations
relevant to enhancing the development of green roofs in the city?

7. What are the challenges of scaling up green roof initiatives in NYC? What is the key
recommendation you will make to policymakers?
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VII. Interview Consent Form

Purpose and Consent:

The “Elevating Urban Landscapes: Policy Strategies for Advancing Green Roof Integration in
New York City” (protocol number AAAU9900) study is a component of students’ personal
thesis paper research to solve local problems. The research is an examination of green roofs in
NYC and how the relevant policy incentives encourage green

roof development. Also, respondents will be asked how they feel about the NYC green roof
policies and what are the drawbacks as they are stakeholders. While the outcomes of the
project are addressed and communicated internally among GSAPP students and teachers, these
performance evaluations do not study processes of decision-making about project design and
implementation, or the interactions and roles of the organizations involved in projects that lead
to local economic outcomes. The Zoom interviews will take up to 30 minutes to complete, and
the respondents will be told that the interviews are recorded. The recording will contain both
video and audio, and the respondents will be asked whether or not they are willing to be
recorded in video/audio or both. The phone interview is also up to 30 minutes to complete, and
the phone interview will be recorded in audio; the interviewees will acknowledge this
information by the researcher. The researcher will ask permission to record both by sending the
request le[er and before the interviews begin. Columbia University policy requires that subjects
who will be audio/video recorded or photographed while participating in human subject
research be informed of this in the consent process. All the recordings will be stored on my
laptop which has a password to secure it, and all the interviews are monitored by Columbia
University to guarantee the Informa Don’s safety. The recordings will be destroyed by May 6th,
2024 (the date of thesis submission). Respondents can also see this policy on the HRPO website
at https://research.columbia.edu/human-research-policy-guide.

Contact and Questions:

If you have questions, concerns, or complaints about the study, please contact the researcher
Haoxiangyu Zheng at hz2828@columbia.edu or (530)-953-3101. If you have any questions
about your rights or responsibilities as a research participant, please contact the Columbia
University Human Research Protection Office at Phone 212-305-5883 or email
askrib@columbia.edu.
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