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Abstract

This thesis examines the integration of green infrastructure and equity within academia and in practical
applications such as comprehensive city plans. With climate change worsening and affecting urban areas
with extreme weather events, many municipal governments are developing and implementing higher
numbers of green infrastructure projects. However, cities need ensure that all residents are benefiting
from green infrastructure otherwise those already at a risk of negative impacts from climate change may

continue to be affected, or have those impacts exacerbated.

The goal of the first manuscript was to conduct a systematic literature review to explore 47
contemporary articles with the goal of identifying an overlap between equity and green infrastructure
integration in urban planning. It is necessary to understand the integration, or lack thereof, of equity
and green infrastructure in urban planning literature so that future research can fill in those missing
considerations and build upon past work. Present research does indicate that green infrastructure and
equity need to be considered in conjunction with one another so that the negative consequences of
unconscious ignorance in planning is avoided. The second manuscript applies this research with the
creation of a framework to evaluate Resilience Strategies — part of the “100 Resilient Cities” program by
the Rockefeller Foundation, and comprehensive city plans, such as climate change adaptation plans.

Eight plans were evaluated for four Canadian Cities: Toronto, Vancouver, Calgary, and Montréal.

My research concludes that research in green infrastructure and equity is growing as most papers were
published within the last 5 years (2015 — 2021), but further acknowledgement of various types of equity
and intersectionality need to be considered in green infrastructure research. In addition, resilience
strategies and comprehensive city plans were lacking in equity considerations in green infrastructure
implementation. The scores for the eight plans in four Canadian cities assessed vary from 5 out of 25 to
15.5 out of 25. A standardized framework to help apply an equity lens for green infrastructure
implementation can help ensure that there will be consistent necessary considerations for green
infrastructure and equity in city planning. Comprehensive city plans and resilience strategies need to
have equity considerations to ensure that the benefits of green infrastructure can reach all populations
as needed, and to prevent the exacerbation of socioeconomic inequality. Altogether, improving the
integration of equity and green infrastructure in cities can support climate change mitigation and

adaptation for all residents and help to build a more sustainable future.
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Chapter 1 - Introduction to Thesis

Urban planning is a profession that aims to guide community development to better the quality of life of
its residents. The profession has evolved over the past century from simply zoning and transportation
concerns to include environmental and equity considerations into the planning practice. Cities have
grown increasingly complex and multifaceted. The Canadian Institute of Planners has developed a code

of conduct to support planners and provide guidance on best practices.

Cities are improving their equity practices in urban planning. Transactive planning is a part of the
planning practice in Canada (CIP, 2016). This allows the voice of the public to be heard in city planning
decisions that may affect them. Many cities also have an Equity, Diversity, and Inclusion (EDI)
department, such as the City of Vancouver. In Canada, several cities have are developing climate change
strategies to aim to improve climate change mitigation and adaptation, and are applying equity lenses to

ensure that all populations will benefit (Climate Atlas of Canada, 2019).

However, urban planning has a history of discriminatory practices in North America. In the United States
of America, the government and private corporations practiced racial zoning and segregation, causing
environmental racism, intergenerational inequality, and poverty (Metzger, 1996; Rothstein, 2017).
Planning practices also resulted in the loss of livelihoods through forced displacement and internment

(Rothstein, 2017; Anguelovski, 2020).

In Canada, planners and government officials conducted similar practices. For example, toxic waste
disposal and heavily polluting industry is more commonly zoned in or adjacent to indigenous and
minority communities than in predominantly white neighbourhoods (Keith et al., 2005; Dhillon & Young,
2010). Higher mercury concentrations in soil and water and lower air quality are disproportionately
found in First Nation communities, such as Grassy Narrows, Ontario and Aamjiwnaang and Walpole
Island First Nations near Sarnia, Ontario (Keith et al., 2005; Dhillon & Young, 2020). In Nova Scotia, the
historically black community of Lincolnville has higher incidences of Cancer due to its proximity to first-

generation landfills that leach toxic runoff (Campbell, 2020).

It is difficult to know the extent of influence that American planning has had on the Canadian system,
nor is that the scope of this research. However, it is not impossible to say racist practices can be

influential and experimental. The Canadian treatment of First Nations, such as the creation of the Indian



Act, was inspiration for South African Apartheid (Horwitz, 2016). Therefore, we cannot say with certainty

that the discriminatory American planning practices did not influence Canadian planning practices.

Transparency is needed in the planning practice to build a relationship with equity-seeking groups,
indigenous communities, and other minorities who were discriminated against systematically by
government institutions (Dhillon & Young, 2010). In addition, the decision-making process needs to have
transactive and participatory practices so that communities and individuals can voice their concerns,
opinions, and needs (Fricker, 2003; Fainstein, 2005; Reece, 2018; Anguelovski et al., 2020). Thus, equity
is needed so that those who are at most in need can receive the resources required to thrive (Lorinc &

Pitter, 2016; Anguelovski, 2020).

1.1 The Need for Equity

Although cities are improving their equity practices, it is important that systematic change is applied.
Planning practice needs to have equity integrated into all aspects of its planning process. Requiring the
application of a social equity lens is essential to support the distribution of resources, to address the
recognition of all individuals and communities (including intersectional identities), and to encourage
participation in the decision-making process and other forums to share their lived experiences (Fricker,
2003; Fainstein, 2005; Reece, 2018; Anguelovski, 2020). It is also crucial for the city planning process to
acknowledge and consider other types of equities and vulnerabilities that residents in a city may face,
such as spatial equity that influences the accessibility to resources (Zhu et al., 2019; Anguelovski, 2020;

Langemeyer & Connolly, 2020).

Conscious integration of equity in practical applications is essential; otherwise, vulnerable populations
may not receive the benefits they need, and inequality may worsen in the community thanks to the
implementation of inequitable projects (Lorinc & Pitter, 2016; Anguelovski, 2020). Applying equity
considerations to comprehensive city plans would contribute to the Canadian Institute of Planners’ Code
of Professional Conduct, as the code states in section 1.1 that planners must, “practice in a manner that
respects the diversity, needs, values and aspirations of the public and encourages discussion on these

matters” (CIP, 2016).

1.2 What is Green Infrastructure?
When applying an equity lens, it is essential that equity is integrated into environmental and city
planning, including green infrastructure development. Green infrastructure, also called natural

infrastructure, is connected green spaces that deliver ecosystem services at a variety of spatial scales



(Williams et al., 2010; Meerow & Newell, 2016; Rigolon & Németh, 2018; Carmichael et al., 2019; Luz et
al., 2019; Wang et al., 2019; Zuniga-Teran et al., 2020; Baro et al., 2021). Green infrastructure, such as a
community garden that provides benefits to enrich the local soil and food system, can be
neighbourhood-level (Cveji¢ et al.,, 2015). Green infrastructure can also be applied city-wide, for
example, a network of riparian ecosystems along a river or street trees contributing to canopy coverin a
community (Costanza et al., 1997; Bolund & Hunhammar 1999; Bar¢ et al., 2021). Green infrastructure
research states that it provides a critical ecological framework with economic, environmental, and social
benefits to support sustainable development in cities (Costanza et al.,, 1997; Bolund & Hunhammar
1999; Newell et al., 2013). It is essential that all residents benefit from green infrastructure as green

infrastructure can support sustainable and healthy lifestyles in communities and cities.

Historically, lower-income neighbourhoods and marginalized communities had less greenspace and less
access to parks in other areas of the city (Anguelovski et al., 2018b; Rigolon & Németh, 2018).
Contemporary city planning needs to have the integration of equity and green infrastructure to improve
the quality of life for residents. Green infrastructure can help support mental, physical, and emotion
well-being, so it is necessary that all residents can have equitable access to its benefits. Thus, equity and

green infrastructure development need to be incorporated in comprehensive city plans.

1.3 Climate Change and Resilience Applications of Green Infrastructure

Climate change is another issue that cities across the globe are facing, and thus needs to be tackled with
an equity framework. Climate change poses many challenges to urban environments including amplified
uncertainty regarding weather patterns, rising temperatures and sea levels, and an increase in extreme
weather events (Williams et al., 2010; Larson et al., 2013; William et al., 2017; Bar6 et al., 2019; Houston
& Zuiiiga, 2019; Mason et al., 2019; Zhu et al., 2019; Lanza & Durand, 2021). Green infrastructure can
provide ecosystem services that can mitigate flooding from varied precipitation and rising sea levels
(William et al.,, 2017; Mason et al., 2019; Majekodunmi et al., 2020). Other services include the
reduction of the urban heat island effect from rising temperatures (Majekodunmi et al., 2020; Lanza &
Durand, 2021), and can act as carbon sinks to sequester the carbon dioxide in the atmosphere (Faehnle

et al,, 2014).

It is necessary that ecosystems remain resilient to withstand climatic changes in their environments.
Ecosystem resilience is one type of resiliency that cities are striving for in order to maintain ecosystem
services to support sustainable development (Fang et al.,, 2021). Green infrastructure supports

ecosystem resilience through strategic planning of the bionetworks of a variety of ecosystems in urban

3



areas that contribute to biodiversity and human health (Ferguson et al.,, 2018; Wang et al., 2019).
Ecosystem resilience will help ensure that ecosystem functions provided by ecosystems will not be

impacted by climate change and will rather mitigate or adapt to those effects.

Climate resiliency is also vital in cities to withstand the impacts of climate change. Through the
implementation of beneficial green infrastructure in cities, ecosystem services can provide flood
mitigation urban areas, thus increasing climate resilience to surface flooding from precipitation events
(Meerow & Newell, 2016; Sanchez & Reames, 2019; De Lange, 2020; Majekodunmi et al., 2020; Venter
et al.,, 2020; Lanza & Durand, 2021). By reducing the urban heat island effect through green
infrastructure ecosystem services, cities can become more climate resilient to rising temperatures due
to climate change too (Meerow & Newell, 2016; Sanchez & Reames, 2019). Green infrastructure can
help support disaster resiliency and recovery by enhancing the geographical surroundings through its
ecosystem services, such as community gardening to provide a local food system and forestry programs

to mitigate shocks (McClintock et al., 2016; Meerow & Newell, 2016; Hall & Knuth, 2019).

1.4 Green Infrastructure and Equity Integration

Climate change disproportionately affects historically disenfranchised communities and marginalized
neighbourhoods (Dobbs et al., 2018; Bard et al., 2019; Zuniga-Teran et al., 2020). Therefore, when
planning for climate change mitigation and adaptation using green infrastructure, it is essential to apply
an equity lens to ensure that those in most need receive the most benefits from green infrastructure
development (Bard et al., 2019; Xiao et al., 2019; Scott, 2020; Zuniga-Teran et al., 2020). If not, the
effects of climate change will continue to unfairly affect those at higher risk because the benefits will not

reach those most in need (Williams et al., 2010; Scott, 2020; Zuniga-Teran et al., 2020).

Inequitable green infrastructure implementation can cause the consequences of climate change, such as
flooding and extreme heat, to increase socioeconomic inequality in cities (Williams et al., 2010; Scott,
2020). For example, applying and utilizing the equity indexes can help vulnerable communities by
decreasing disparities through green infrastructure implementation where needed (Heckert &
Rosan 2016; McClintock et al., 2016; Heckert & Rosan 2018; Sanchez & Reames, 2019; Zuniga-Teran et
al., 2020). In addition, applying and utilizing the equity indexes can help increase the adaptive capacity

of disenfranchised neighbourhoods and thus the entire city (Bard et al., 2019; Zuniga-Teran et al., 2020).

The combination of climate and ecosystem resilience in urban areas contributes to overall urban

resiliency through the development of green infrastructure (Meerow & Newell, 2016). However,



resiliency will only proliferate within the city if all residents benefit from green infrastructure; else,
marginalized socioeconomic groups will remain vulnerable to climate change impacts (Anguelovski et al.,
2018a; Dobbs et al., 2018; Zhu et al., 2019; Majekodunmi et al., 2020; Zuniga-Teran et al., 2020). Urban
planners and government officials need to prioritize green infrastructure investment in vulnerable
communities with recognition and application of social equity practices to increase resiliency in these
neighbourhoods (Anguelovski et al., 2018a). Educational initiatives must be included to support
residents to make choices and understand decision-making processes about green infrastructure that
best improve their community resiliency (Anguelovski et al.,, 2018a; Baré et al., 2019; Hall & Knuth,

2019).

The aim of my first manuscript, chapter 2, is to understand contemporary literature published on the
integration of green infrastructure and equity through a systematic literature review. | explore the
research from these papers, and identify the need for future research on the integration of green
infrastructure and equity. | also examine how these studies can be applied to urban planning. My second
manuscript, in chapter 3, utilizes the systematic literature review from the first paper to develop a
framework. This framework is then used to assess eight plans and strategies from four Canadian cities to
determine if green infrastructure and equity integration is considered and embedded into these
comprehensive plans. Between these chapters | provide a bridge to try to clarify the connection
between my two areas of research. And in chapter 4, | provide an explanation of how my research is

contributing to urban planning literature and recommendations based off of my research.



Chapter 2 - The Implementation of Equity & Justice in the Greening of
Urban Infrastructures: A Review

2.1 Overview

Equity planning has gained renewed attention in both academic and professional circles catalyzed by
recent social justice movements, such as Black Lives Matter (BLM) and #FridaysForFuture (also known as
Youth Strike for Climate), in North American cities and increased attention to the injustices of both
anthropogenic climate change and the attempts to mitigate and adapt to it. In this review, | explore how
conceptualizations and applications of equity and justice have evolved in literature in the field of urban

planning on green infrastructure over the last two decades.

Applying a systematic literature review process, | analyze 47 contemporary academic journal articles
from 2000 to early 2021 with the aim of identifying an overlap between equity and green infrastructure.
Several studies on green infrastructure examine case studies of cities that have implemented green
infrastructure, by implementing street trees, for example, or by mitigating extreme events such as
floods and heat waves. Other articles conduct research on applying a socio-spatial analysis to
neighbourhoods to identify those in need of green infrastructure implementation to develop and utilize
green infrastructure equity indices. Most of the articles have been published within the last five years, as
they discuss a growing area of interest for urban planning academics. Several of the studies develop

frameworks to include an equity lens or justice considerations in the application of green infrastructure.

The research from these papers can be applied to urban planning in order to develop equitable green
infrastructure projects to plan for sustainable cities in response to population growth and the changing
climate. This review also identifies the need for further research that specifically looks at the applicable
intersection between equity and green infrastructure because many articles do not define equity or
propose a framework for applying an equity lens to green infrastructure implementation. The aim of this
study is to understand the integration, or lack thereof, of equity and green infrastructure in urban
planning literature. | offer a systematic review of current literature to identify any gaps and discuss the
applicability of current academia in urban planning projects. For a city to be resilient, benefits from
green infrastructure need to reach all residents equitably otherwise socioeconomic inequality will

increase.



2.2 Introduction

Prior to the advent of contemporary formal urban planning, cities around the world often showed some
degree of coordination and structural layout (Smith, 2007). After the industrial revolution, modern cities
have had increasingly complex development and greater technological progress, resulting in large-scale
urbanization and environmental degradation (Moore et al., 2003; Banhalmi-Zakar et al., 2018). This has
contributed to concentrated population growth and led to population demands that outpace city
growth and services, leading to poverty and inequities (Moore et al., 2003). Nowadays, the
anthropogenic climate crisis which is causing flooding, heat waves, and extreme weather events is
another issue and one of the most pressing concerns in most cities worldwide, adding additional stress
to degraded infrastructure and ecosystems within cities and disproportionately affecting those most at
risk, such as marginalized populations (Jon, 2020; Zuniga-Teran, 2020). To mitigate climate change
effects, increase sustainability and livability, and improve degraded environments, many cities globally

are investing in green infrastructure (Anguelovski et al., 2020).

The concept of green infrastructure research existed prior to the 2000s, as historic civilizations around
the world understood the benefits of the natural environment and the ecosystem services provided
within their communities (Bolund & Hunhammar 1999; Costanza et al., 1997; Diamond, 2007). However,
in academic literature, the concept of green infrastructure arose in the 1980s, and has been used in
planning research since to identify conservation strategies (Weber & Wolf, 2000). Planning guides also
have used green infrastructure (Davies et al., 2006). Later, Benedict and McMahon (2006) developed
their definition that utilizes socioeconomic and ecological principles, along with the benefits that green
infrastructure should deliver, as a large-scale planning framework that utilizes and focuses
fundamentally on the environment, defining hubs, links and spots, and protecting lands of important

ecological function (Benedict & McMahon, 2006; Canzonieri, 2007; Mell, 2017).

Green infrastructure is green space or infrastructure built to integrate or mimic natural ecosystem
functions that benefit humans in an interconnected network (Benedict & McMahon, 2006; Coutts &
Hahn, 2015; Bush & Doyon, 2019). Green infrastructure can refer to interconnected green spaces that
enable ecosystems to deliver their services and can include nature-based solutions (Haase et al., 2017).
Ecosystem services are functions from an ecosystem, such as carbon sequestration, that directly or
indirectly benefit humans (Costanza et al., 1997; Bolund & Hunhammar, 1999). Examples of green
infrastructure include trees canopies that intercept precipitation and reduce stormwater runoff; green

roofs that enable rainfall interception and provide habitat for native species; green streets that store,



infiltrate, and evapotranspire stormwater; and rain gardens that harvest, absorb, and collect rainfall

(Pickett et al., 2013; Davoudi, 2014; Hawken, 2018).

Green infrastructure can provide ecosystem services for residents within a city if it is implemented
equitably (Bolund and Hunhammar, 1999; Haase et al., 2017; Anguelovski et al.,, 2020). Its
implementation could encourage further application of nature-based solutions (Bush & Doyon, 2019).
However, when integrating green infrastructure, it is essential to include equity-seeking groups in
decision-making using an equitable framework to understand the potential effect on vulnerable
population or to discuss what those populations believe are missing considerations for the
neighbourhoods in a plan (Schlosberg, 2007; Haase et al., 2017; Anguelovski et al., 2018a; Bar¢ et al.,
2019; Meerow et al., 2019). Green infrastructure that only benefits higher-income populations or is
applied for urban renewal is not equitable, and can thusly further increase socio-spatial inequalities and
segregation by excluding disenfranchised communities (Haase et al., 2017; Anguelovski et al., 2018b;

Rigolon & Németh, 2018).

2.2.1 The Necessity of Green Infrastructure and Equity Integration

In contrast to the historic literature on green infrastructure, integration with equity is a contemporary
concept. Equity is the redistribution of resources, political power, and participation to those who
systematically have been disenfranchised and disadvantaged (Krumholz & Hexter, 2018). Social equity is
comprised of three factors: distributional equity, recognitional equity, and procedural equity. This
means that for equity to exist, citizens must have equitable distribution of goods, services, and
opportunities; citizens must have mutual acknowledgment and respect of different people and
communities; and citizens must be able to participate equitably in decision-making processes

(Schlosberg, 2007; Meerow et al., 2019).

Equity is an essential consideration during city planning because systemic inequity and inequality can
increase and populations can be further segregated if planning is carelessly practiced (Fainstein, 2015;
Lorinc & Pltter, 2016; Meerow & Newell, 2016). Green infrastructure integration also requires an equity
lens for implementation because equitable green infrastructure must benefit all populations for it to
support resiliency. There needs to be socially inclusive green infrastructure implementation, otherwise,
creating greenspaces could displace populations. Green infrastructure can gentrify cities through urban
renewal or causing a rise in property values. In addition, adding greenspace in areas that are inaccessible

by public transportation can further encourage socioeconomic inequities (Haase et al., 2017). However,



applying an equity lens to green infrastructure implementation is still a new development and requires

further research and application.

This systematic review researches how contemporary urban planning literature has integrated equity
and green infrastructure in academic research in the past two decades. Historically, urban planning has
excluded the voices of marginalized communities in North America in favour of automobile-centric
development and urban renewal for the wealthier classes (Avila & Rose, 2009; Dory, 2017). Other
reasons for excluding the voices of minorities, people of colour, and disenfranchised communities
include racial segregation and class segregation (Rothstein, 2017). The integration of equity and green
infrastructure is necessary for cities to have sustainable development and to improve quality of life for
all citizens (Meerow & Woodruff, 2019; Anguelovski et al., 2020). Social equity and justice have also
risen to the forefront of urban issues with the recent Black Lives Matter Movement in North America
and Youth Strike for Climate worldwide, so it is necessary that the future of urban planning include all
residents in the decision-making process in order to improve cities holistically (Anguelovski et al.,

2018a).

Therefore, the aim of this study is to understand and analyze the integration of equity and green
infrastructure within urban planning literature. | examine thematic similarities and common discourses
of current urban planning literature. | intend to offer a systematic review of current literature to identify
any gaps and discuss the applicability of current academia in urban planning projects. | first introduce
the papers yielded in the review and the authors who are well-known academics in the field. Next, | will
provide a historical overview of equity in urban planning. | then highlight the benefits and applications
of green infrastructure, as well as the examining discourse about green infrastructure found in the
literature. Afterwards, | review equity and analyze the different types of equity utilized in green
infrastructure academia. | identify and discuss the overlap of green infrastructure and equity found in
contemporary literature. | argue through this review how and why current literature needs to evolve to
include more integration of green infrastructure and equity to build a larger foundation for social justice
movements in urban settings. At the end, | offer recommendations for applications to current and

future urban planning practices.

2.3 Historical Context

To understand the need for equity in urban planning, it is essential to understand the historical context.
Zoning was introduced in North American cities in the 1900s to control density and land use, as well as

to protect residential areas from industrial hazards (Silver, 1997). Zoning emerged to improve the
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quality of life in cities as many wealthier citizens fled from the nuisances and chaos of North American

cities to suburbs (Frey, 1979, Silver, 1997).

However, planners from that period generally were of elitist origins or had special interests, such as
lobbying from developers; hence they used their zoning ordinances and power to keep working class
citizens and minorities out of these suburbs (Silver, 1997). In some cases, planning without equity
considerations or public engagement resulted in the destruction of communities and neighbourhoods of

marginalized groups to make highways from the suburbs into the cities (Larson, 2009).

This was the case with Robert Moses in New York as he destroyed several inner-city communities in
favour of highways (Caro, 1974, Larson, 2009). Elitist groups and individuals may have special interests
in the automobile or oil industries, so they lobbied for automobile-oriented development rather public
transportation, further causing socioeconomic segregation within cities (Jacobs, 1961; Caro, 1974;
Skocpol & Hertel-Fernandez, 2016; Tabuchi, 2018). This helped keeps the poorer working-class citizens
in a poverty loop, as public funding was kept away from their neighbourhoods and developers and

landowners can exploit their communities (Jacobs, 1961; Silver, 1997).

2.3.1 Historical Zoning Impacts

The desire to keep the working class and minorities out suburbs resulted in redlining and racial
segregation within neighbourhoods, as was the case in Baltimore (Silver, 1997; Rothstein, 2017).
Redlining occurs when parts of cities where minorities generally live are identified on a map, and this is
done to reject loans or mortgages to people living in these areas (Rothstein, 2017). This practice is now
illegal but, in some cases, banks and lenders nowadays will engage in offering predatory loans to people
living in these neighbourhoods. This can destroy communities in cities, such as Detroit and other cities
wrecked by the 2008 housing market crash, by causing bankruptcy and the loss of homes (Rothstein,
2017).

Furthermore, indigenous communities in Canada have suffered under Canadian governments and their
planning approaches through territorial acquisition (Lane, 2006). Canadian planning was predominantly
state imposed with colonial processes that disregarded indigenous voices, resulting in sustained
systematic abuse, degradation and loss of unceded and traditional lands, and displacement and
impoverishment of communities (Lane, 2006; Prusak et al., 2016). Now, community planning in Canada
requires a transactive and participatory approach; however, there is still a lack of engagement due to

cultural barriers, cynicism about authenticity, and lack of trust (Lane, 2006; Gerwing & Cox, 2017).
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Rather, many First Nations communities are advocating for their own planning practices for their

communities for their right of self-determination (Lane, 2006; Prusak et al., 2016).

In Canada, there is ongoing research and examination of historical environmental inequities because
their effects continue to the present day. First Nations communities are often victim to horrendous
environmental degradation due to systematic injustices. The Canadian government deliberately zoned
hazardous waste sites, landfills, incinerators, and polluting industries near First Nations communities
(Dhillon & Young, 2010). For example, the drinking water source for the Aamjiwnaang and Walpole
Island First Nations is extremely polluted because of its proximity to several large petrochemical,

polymer, and chemical industry plants (Keith et al., 2005; Dhillon & Young, 2010).

Another example is Grassy Narrows, Ontario, which has high levels of mercury content because of its
proximity to a Dryden paper mill (Dhillon & Young, 2010). In addition, black communities have faced
environmental discrimination and racism by having their communities zoned to be adjacent to polluting
landfills that leach toxic waste, such as Lincolnville, Nova Scotia (Campbell, 2020). These communities
disproportionately face air and water pollution that causes adverse health impacts, such as increased
cancer rates and reproductive issues, as well as an overall lower quality of life (Keith et al., 2005; Dhillon

& Young, 2020; Campbell, 2020).

It is understandable why certain communities may distrust the planning process. Historical injustices
need to be addressed with genuine compassion and understanding, as well as a deliberate framework to
prevent continuing inequity. Transparency and education are essential for planning practices to include
all citizens. In addition, social equity that requires distributional, procedural, and recognitional equity
within the planning process can help to increase communication and understanding in communities.
Simply having diversity and inclusion is not enough. Historically disenfranchised people may not want to
participate in institutions that previously hurt or continuously harm their communities. As well, inviting
members of disenfranchised communities to speak about their lived experiences is beneficial, but the
institutions themselves also need to change internally to address social equity and historic injustices in

order to evolve (Reece, 2018).

2.4 Evolution of Equity in Urban Planning

Equity has evolved to be prevalent in urban planning. Historically, equity planning has been studied in
theory and practice. Metzger (1996) created an annotated bibliography compiling academic journal

articles about equity planning objectives. In Metzger (1996)’s annotated bibliography, there are no
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mentions of green infrastructure. Historically, planning was criticized for primarily serving the whims of
special interest groups, such as real estate developers or landowners (Goodman 1971; Weiss 1987). This
paper illustrates the evolution of equity planning from the 1970s, when advocacy planning gained
popularity within municipal governments after black voters elected mayors to represent their interests
(Metzger, 1996). Afterwards, equity-oriented planners gained voices in academia and practice, and

frameworks for equity planning spread to more cities across the U.S. and into Canada (Metzger, 1996).

However, racial tensions remained in U.S. cities because the institutions themselves did not change. For
example, housing shortages accelerated racial tensions leading to discrimination, riots, and violence, like
in Detroit (Capeci & Wilkerson, 1990). Urban revitalization reflects the power imbalance of public-
private partnerships and the resulting displacement of marginalized residents (Metzger, 1996). Metzger
(1996)’s paper concludes by illustrating the importance of equity in city planning when addressing the
aftermath of the race riots in Los Angeles caused by police brutality in the early 1990s. Metzger (1996)
states the importance of community participation and the need to listen to lived experiences to mobilize
underrepresented voices. Eventually, this evolves into advocacy planning, which is a people-oriented
planning practice that focuses on economic and social empowerment of marginalized communities
(Fainstein, 2005). The importance of advocacy planning remains prevalent today as racial discrimination

continues to result in economic inequality and police brutality (Fainstein, 2005; Reece, 2018).

Reece (2018) conducts a literature review about equity in urban planning to address changes in social
justice and planning since Metzger (1996)’s publication. Within the twentieth and early twenty first
century, there have been continuous conflicts with social and racial equity and the planning profession
remains complicit in discriminatory practices across cities in the U.S. (von Hoffman, 2009; Rothstein,
2017; Reece, 2018; Swanstrom, 2018). The demographic within U.S. cities has grown more diverse due
to an influx of immigrants and globalization, which has caused racial tensions, as well as economic

inequalities (Rothstein, 2017; Reece, 2018; Swanstrom, 2018).

Within planning practice, there have been advancements in equity considerations. “Place making”
initiatives increased to address community challenges and for community empowerment by increasing
engagement with residents (Fainstein, 2005; Reece, 2018). As well, planners can support various types
of equity in neighbourhoods through different policies. For example, advancing public transportation
can support mobility equity in neighbourhoods where many residents may not have cars. This can
support ease of access to employment in other parts of the city and help reduce economic inequity

(Grengs, 2018; Reece, 2018). Another example is supporting mixed-use development and a variety of
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land use, to support a diversity of housing types in neighbourhoods and to introduce businesses into
suburbs to reduce spatial inequity (Reece, 2018). Mixed-used can support aging equity too, as older
citizens in neighbourhoods may not be able to drive and can access activities or have mobility due to

public transportation or walkable communities (Howe, 2018).

The demographic of aging citizens in cities is diversifying as well, as a lot more seniors are minorities in
larger cities, so it is important to consider their needs when planning neighbourhoods and developing
policies (Howe, 2018). There are numerous types of equity and their respective considerations that are
required to ensure that all citizens have their needs addressed. Professional planners have the roles of
communicators, consensus builders, and educators for all residents (Reece, 2018). Thus, it is essential to
have public engagement sessions and a variety of perspectives to understand the needs and lived

experiences of the community (Fainstein, 2005; Reece, 2018).

Planners must address the complex dynamics of changing demographics and diversification in cities by
incorporating intersectionality to the needs and concerns of individuals, which can compound
marginalization due to traits such as age, class, gender, sexual orientation, and race (Reece, 2018).
Equity issues are interrelated with urban environmental challenges. Therefore, considerations of
distributional, recognitional, and procedural equity are essential to address issues with, but not limited
to, age, economic, environmental, green, mobility, racial, and spatial inequities (Langemeyer & Connolly,
2020). Planning remains an important profession and equity considerations are necessary to enhance
social justice in policies and practices (Reece, 2018). It is important to look beyond the trifecta of social
equity, which just consists of distributional, procedural, and recognitional equity, and expand to
incorporate other social movements related to urban greening interventions (Anguelovski et al., 2020).
Therefore, it is important to analyze the information obtained from a systematic literature search for

equity and green infrastructure to determine whether it adequately integrates the two.

2.5 Environmental and Green Equity

Environmental justice and equity aim to guarantee that residents will not suffer from disproportionate
impacts of environmental hazards (Dhillon & Young, 2010). However, environmental justice remains an
issue as climate impacts disproportionately affect lower-income and marginalized individuals as these
communities are most vulnerable to flooding, heatwaves, and other natural hazards (Anguelovski et al,
2016). Historically in the United States of America, black, indigenous, and other minority communities
were zoned or relocated to be near polluted areas that negatively affected their health, and are also

now at greater risk to climate impacts (Earickson & Billick, 1988; Dhillon & Young, 2010).
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Environmental inequity remains an issue today and climate change adaption plans and other climate
action goals within cities must address the social inequities of climate change impacts (Anguelovski et
al., 2016). There are multiple drivers of social equity in relation to ecosystem service equity and there
needs to be a robust linkage to ensure there is adequate progress in urban environmental justice

advancement (Langemeyer & Connolly, 2020).

Equity continues to evolve. Terms like “green equity” are becoming more common in green
infrastructure literature and in discussions about environmental justice (Nesbitt et al., 2019). Green
equity, also called urban ecosystem service equity, refers to the access, benefits, and distribution of
urban vegetation to all residents in a city (Nesbitt et al., 2019; Langemeyer & Connolly, 2020). These
benefits from ecosystem services and green infrastructure can support climate adaptation and
mitigation, and improve quality of life (Anguelovski et al., 2020). However, studies have also shown that
ecosystem services are inequitably low in marginalized and minority communities (Nesbitt et al., 2019).
This inequity is associated with intra-generational inequity, as vulnerable individuals are without
adequate environmental amenities and are at higher risk of climate impacts without the necessary
natural resources or ecosystem services than their wealthier counterparts (Anguelovski et al., 2016;
Langemeyer & Connolly, 2020). Often, unfortunately, those at most risk have contributed the least to
climate change and to greenhouse gas emissions. Poorer populations and populations in less developed
nations, on average, emit less greenhouse gas emissions (Anguelovski et al., 2016). In addition, green
inequity is linked to intergenerational inequity because of the irreparable damage done by past
generations to the natural environment, which has added undue stress to younger citizens about the

health and quality of life of their futures (Anguelovski et al., 2020; Langemeyer & Connolly, 2020).

Anguelovksi’s et al. (2020) article describes the complex interrelated nature of justice with urban
ecosystem services. The article explains the limitations to examining inequities within urban
environments when solely using distributional, procedural, and recognitional equity lenses. Rather,
frameworks for urban greening need to explore other intersectional equity considerations as well, such
as anti-subordination, and emancipatory, intersectional, and relational equity (Anguelovski et al., 2020).
Anti-subordination is necessary in equity as members of disenfranchised communities will receive more
resources as need to promote equality or equal opportunity (Anguelovski et al., 2020). Intersectionality
will ensure all identities of an individual are considered and acknowledged (Fricker, 2003; Anguelovski et
al., 2020). Relational equity is ensuring that the distribution of resources between people in a

relationship is equal, or greater as needed to ensure there is equality between the two groups
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(Anguelovski et al., 2020). These are all important considerations when examining the diversity of

people living in a city and researching how governance affects their daily lives.

Often, politicians or planners that imagine what urban green interventions will accomplish may ignore
vulnerable residents and intensify injustices (Anguelovski et al., 2020; Langemeyer & Connolly, 2020).
This can cause displacement, gentrification, or simply the exclusion of their neighbourhoods from
equitable urban greening interventions or green infrastructure investments (Anguelovski et al., 2020;
Langemeyer & Connolly, 2020). Therefore, it is important to consider epistemic justice, which is the
acknowledgement of the community’s lived experiences, and advocacy justice, which is community
participation when planning green infrastructure in neighbourhoods (Fricker, 2003; Anguelovski et al.,
2020). It is necessary that a variety of perspectives and experiences can be included in equity

considerations to avoid prejudices (Fricker, 2003; Anguelovski et al., 2020).

2.6 Limitations and Scope

This review is concerned with systematically investigating the integration of equity and green
infrastructure in planning literature within three databases. The data is limited to searches in three
English-language databases with three different searches from 2000 onwards to consider contemporary
journal articles. The history and evolution of equity and green infrastructure is discussed briefly in the
“Historical Context” section of this paper. | do not claim a total encapsulation of all English-language

planning literature on the integration of equity and green infrastructure.

This review is limited in scope because of the keywords utilized. Green infrastructure is linked to other
fields of research, such as sustainability or sustainable development, which may use other keywords to
refer to similar practices, such as ecosystem services, natural infrastructure, or the use of “green” and
“infrastructure” in the same article but not used together. Other articles, such as Anguelovski et al.

(2020)’s article use “urban greening” to reference green infrastructure.

Equity, as well, can be used in place of “justice” in certain studies, or could be linked to similar research
in “human rights” or “equality”. Some journal articles also utilize key words such as “green equity”. Due
to time constraints, and to put a scope on my research, | chose to use “green infrastructure” and
“equity” in the field of planning and urban studies to specifically search for inarguable terms that have
concise definitions. As well, these words are used within city plans and resilience strategies, and thus, it
is important to search for the same keywords in academic papers to relate to planning practice

applications. Therefore, the scope of this systematic review is limited to focus solely on the literature
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that uses the exact terms “green infrastructure” AND “equity” within the last twenty years in planning

and urban studies.

2.7 Methods

| performed a keyword search within JSTOR, SCOPUS, and Taylor and Francis Online (TANDFONLINE) in
their electronic databases. In JSTOR, | searched using << (“green infrastructure” AND equit*) >> for
planning related journal articles. As well, | limited results to three subjects: Environmental Sciences,
Environmental Studies, and Urban Studies. The search yielded 47 unique results, but journals that are
not peer-reviewed, such as American Water Works Association and Inside EPA’s Water Policy Report,

were excluded. | did not use a filter for the date as the oldest article yielded was published in 2010.

In SCOPUS | searched using , << ("GREEN INFRASTRUCTURE" AND equit*) AND (LIMIT-TO (SUBJAREA,
"ENVI") OR LIMIT-TO (SUBJAREA , "SOCI") ) AND (LIMIT-TO (DOCTYPE, "ar") ) AND (LIMIT-TO (
LANGUAGE , "English") ) >> and 50 unique results for journal articles were returned. All the articles

were from 2013 and onwards therefore, the date did not need to be limited.

In TANDFONLINE, | searched using << [All: "green infrastructure"] AND [All: equit*] AND [All Subjects:
Cities & Infrastructure (Urban Studies)]>> which resulted in six unique results for journal articles. The

oldest article yielded was published in 2018, so | did not need to add a filter for the date.

In total, searches across the three databases yielded 71 unique English-language journal articles in peer-
reviewed journals. To narrow the literature by relevance, | conducted a manifest and analysis by
searching the keywords “green infrastructure” and then “equit*” to see how many times and where in
the article the keywords are mentioned. Furthermore, | created a questionnaire to identify in what
context the articles mention these keywords. | used questions to review the literature to help analyze
the content of the articles through a latent analysis. The questions used are as follows: (1) What
examples of green infrastructure are given and their benefits? (2) What type of equity is mentioned and
is it defined? (3) Does the article discuss the integration of green infrastructure with equity? After
conducting my questionnaire, | identified 49 articles of the 71 that contained an overlap between equity
and green infrastructure, but two of those 49 articles were not peer-reviewed and thus excluded. In
total, | used 47 articles for my systematic review, and a ROSES (Reporting Standards for Systematic

Evidence Syntheses) flowchart depicting my methods can be found in Appendix A.
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2.8 Results

The oldest article yielded is from 2010, so all the research from this review has been published within
the eleven years. Equity considerations within the greening of urban infrastructures are a growing field
of contemporary research because of a higher awareness of social justice issues within cities. Certain
authors consistently address the complex relationship between equity and green infrastructure in their

relationship.

Anguelovski (2018a, 2018b, 2020) is one of the leading authorities on research about the integration of
equity and green infrastructure. Anguelovski (2018a, 2018b, 2020) writes about how green
infrastructure is one of the methods to contain urban expansion, reintroduce nature, and act as support
to mitigate or adapt to climate change. However, in Anguelovski’s research, the author demonstrates
that irresponsible implementation can result in displacement of marginalized communities, so
intersectional equity is a necessary consideration in community planning. These articles advocate the

need for an environmental justice lens when planning green cities.

Heckert and Rosen (2016 & 2018) are both the co-authors of two articles in which they suggest the
development of a green infrastructure equity index to assist in determining which communities are at
most in need of urban greenery investments. Their research would support the development of equity

lenses for future research.

Baré (2019 & 2021) is another author that researches the intersection of equity with green
infrastructure, focusing on distributional equity integration within cities. Bardé (2019 & 2021) has
researched street trees and their distribution across a city so that residents can access nature and
associated socioeconomic and health benefits. One of the issues Bard (2019 & 2021) addresses is spatial

inequities linked with green infrastructure implementation.

Newell (2013 & 2016) is another author that addresses social and spatial equity, researching projects
within Los Angeles in which the focus is green infrastructure. Newell (2013 & 2016) argues that
marginalized communities need to be involved in the decision-making process for there to be

procedural and distributional equity when implementing green infrastructure projects.

2.9 Green Infrastructure

Green infrastructure is described as a planned network of green and blue spaces that deliver ecosystem
services locally, regionally, or at a larger spatial scale (Williams et al., 2010; Meerow & Newell, 2016;

Rigolon & Németh, 2018; Carmichael et al., 2019; Luz et al., 2019; Wang et al., 2019; Zuniga-Teran et al.,
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2020; Bar¢ et al., 2021). Green infrastructure is considered an essential ecological framework to support
environmentally, socially, and economically sustainable development (Newell et al., 2013). Some
examples of ecosystem services provided by green infrastructure include contributing to biodiversity
conservation, controlling floods, improving air quality, mitigating the urban heat island effect, protecting
water resources, and providing recreational areas (Larson et al., 2013; Newell et al., 2013; Lin et al.,
2015; McClintock et al., 2016; Meerow & Newell, 2016; Bahrini et al., 2017; Benton-Short et al., 2017;
William et al., 2017; Anguelovski et al., 2018a; Dobbs et al., 2018; Ferguson et al., 2018; Porse, 2018;
Baro et al., 2019; Carmichael et al., 2019; Luz et al., 2019; Mason et al., 2019; Sanchez & Reames, 2019;
Wang et al., 2019; Xiao et al., 2019; Zhu et al.,, 2019; De Lange, 2020; Jayakaran et al., 2020;
Majekodunmi et al., 2020; Uchiyama & Kohsaka, 2020; Venter et al., 2020; Zuniga-Teran et al., 2020;
Baré et al., 2021). Planning authorities and city governments implement green infrastructure to advance
sustainable development, educate children about the natural environment, improve quality of life, and
mitigate climate change and disaster risks (William et al., 2010; Newell et al., 2013; Cveji¢ et al., 2015;
Meerow & Newell, 2016; Benton-Short et al., 2017; Walsh et al., 2017; Williams et al., 2017; Ferguson et
al., 2018; Bar¢ et al., 2019; Hall & Knuth, 2019; Houston & Zuiiga, 2019; Mason et al., 2019; Wang et
al., 2019; Xiao et al., 2019; Zhu et al., 2019; Jayakaran et al., 2020; Majekodunmi et al., 2020; Scott,
2020; Uchiyama & Kohsaka, 2020; Wolff et al., 2020; Baré et al., 2021).

This review shows that cities worldwide implement green infrastructure through the creation of
community gardens, green alleyways, green roofs, green spaces, and/or tree canopies, among other
innovative applications (Williams et al., 2010; Cveji¢ et al., 2015; Newell et al., 2013; Brooks et al., 2016;
Heckert & Rosan 2016; Meerow & Newell, 2016; Bahrini et al., 2017; William et al., 2017; Ferguson et
al., 2018; Baro et al., 2019; Carmichael et al., 2019; De Lange, 2020; Luz et al., 2019; Xiao et al., 2019;
Zhu et al., 2019; Majekodunmi et al., 2020; Tuvikene et al., 2020; Uchiyama & Kohsaka, 2020; Zuniga-
Teran et al., 2020; Baro et al., 2021; Fang et al., 2021; Lanza & Durand, 2021). Different applications of
green infrastructure can be executed at various spatial scales throughout a city. For example, green
infrastructure can be executed at a local neighbourhood level by planting trees at bus stops (Faehnle et
al.,, 2014) or as an initiative that spans throughout a city by applying green infrastructure policies into
stormwater management (Heckert & Rosan 2016; Heckert & Rosan 2018; Homsy & Hart, 2019).
However, this review also states that cities must have coherent integration and investment into well-
researched green infrastructure projects otherwise urban greening programs will simply create a green
concealment, merely an aesthetic, without any benefits (Larson et al., 2013; Bahrini et al., 2017; Benton-

Short et al.,, 2017; Homsy & Hart, 2019; De Lange, 2020; Dimitriou & Field, 2020). As well, green
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infrastructure integration without a consideration for equity can further exacerbate socioeconomic

inequities.

2.9.1 Community-level Green Infrastructure

Green infrastructure, in the form of green spaces throughout the city, also provides access to nature in
the form of recreational areas (Meerow & Newell, 2016; Bahrini et al., 2017; Hall & Knuth, 2019; Luz et
al., 2019; Xiao et al., 2019; Tuvikene et al., 2020; Uchiyama & Kohsaka, 2020; Baré et al., 2021). This
exposure to nature can benefit residents ‘physical health, improve their mental well-being, and reduce
stress (Ferguson et al., 2018; Luz et al., 2019; Xiao et al., 2019; Zhu et al., 2019; Wolff et al., 2020).
Recreational areas can strengthen social bonds in communities by acting as a beneficial socio-ecological
gathering area in cities (Meerow & Newell, 2016; Hall & Knuth, 2019; Luz et al., 2019). Green spaces can
improve quality of life by providing trails to walk, places to relax, and spaces to play sports (Newell et al.,
2013; Meerow & Newell, 2016; Tuvikene et al., 2020; Uchiyama & Kohsaka, 2020). As well, integrating
green infrastructure throughout a city by planting street trees can increase contact with nature, which
can help foster an appreciation for the natural environment (Brooks et al., 2016; Baré et al., 2019;

Uchiyama & Kohsaka, 2020; Bar¢ et al., 2021;).

Community gardens are a form of green infrastructure that strengthen the local food system and reduce
dependence on imported fruits and vegetables (Cveji¢ et al., 2015; McClintock et al., 2016; Hall & Knuth,
2019; Luz et al., 2019; Majekodunmi et al., 2020). Community gardens, as well as backyard and rooftop
gardens are a type of urban agriculture, which is the practice of growing food crops within the city
(Cveji¢ et al., 2015, McClintock et al., 2016). Urban planning policymakers are interested in urban
agriculture because of its community-oriented initiatives and its transformation of vacant land to

enhance the local environment (Cveji¢ et al., 2015).

2.9.2 City-wide Green Infrastructure

More cities are having flood-related issues due to variable precipitation events related to climate change
and/or urbanization increasing the stress on water resources (Lin et al., 2015; Heckert & Rosan 2016;
Porse, 2018; Bar¢ et al., 2019; Carmichael et al., 2019; Mason et al., 2019; Wang et al., 2019; Zuniga-
Teran et al.,, 2020). Green infrastructure can be applied as complementary infrastructure when
integrated with traditional grey infrastructure to support stormwater services, such as by implementing
rain barrels, permeable pavements, infiltration planters, bioretention cells, and vegetated buffer strips
to reduce and delay peak flows, as well as to improve recharge to local groundwater resources (Heckert

& Rosan 2016; Heberle et al., 2017; William et al., 2017; Heckert & Rosan 2018; Carmichael et al., 2019;
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Homsy & Hart, 2019; Mason et al., 2019; Wang et al., 2019; Zuniga-Teran et al., 2020). Philadelphia is
one North American city that has integrated green infrastructure with its grey infrastructure system
successfully to mitigate flooding events by reducing stormwater runoff (Heckert & Rosan 2018; Heckert

& Rosan 2016; Homsy & Hart, 2019).

Green infrastructure is also referred to in this review as a method to mitigate the urban heat island
effect, which is caused by warming temperatures due to climate change as well as lower albedo in the
built environment (William et al., 2017; Baré et al., 2019; Carmichael et al., 2019; Luz et al., 2019; Zhu et
al., 2019; Majekodunmi et al., 2020; Venter et al., 2020; Lanza & Durand, 2021). Tree canopies increase
shade, resulting in less direct and thermal radiation, so they can reduce street-level temperatures (Lin et
al., 2015; Lanza & Durand, 2021). As well, green roofs on buildings can reflect sunlight because of their
low albedo vegetation, rather than concrete or asphalt which can retain heat (Lin et al.,, 2015;
Carmichael et al., 2019; Majekodunmi et al., 2020). These benefits can provide a cooling effect and relief

from heat stress for residents within a city.

Green infrastructure initiatives include conserving, regenerating, or restoring ecosystems, such as
wetlands and forests, that local development or anthropogenic activities previously disturbed or harmed
so that they can provide beneficial ecosystem services (Larson et al., 2013; Newell et al., 2013; Faehnle
et al., 2014; Carmichael et al., 2019; Luz et al., 2019; Dobbs et al., 2018; Ferguson et al., 2018; Uchiyama
& Kohsaka, 2020). As well, connecting urban greenery such as green parks and spaces, green roofs,
street trees, and urban forests can improve biodiversity and increases local ecosystems’ ability to
support natural and urban sustainability (Larson et al., 2013; Newell et al., 2013; Venter et al., 2020).
Creating a bionetwork of green infrastructure with a variety of native flora and fauna can mitigate

disaster risks and facilitate recovery (Hall & Knuth, 2019; Uchiyama & Kohsaka, 2020).

2.10 Equity

Many papers in this review mention equity as a goal or an important aspect of urban planning but few
define the term, and fewer have integrated it into their discussion or research of green infrastructure.
Environmental equity and justice are focuses in green infrastructure literature as they relate to the
distribution of environmental benefits but also environmental threats and hazards (Ortiz-Moya, 2018;
Zhu et al., 2019). Environmental justice is a type of social equity, meaning that resources need to be
distributed in greater quantities to disadvantaged groups to ensure that they benefit those who are

most in need, like vulnerable populations (Ortiz-Moya, 2018; Zhu et al., 2019).
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The trifecta of social justice is defined partially in several papers and wholly in two. Distributional equity
is related to social equity and refers to how resources, such as environmental benefits, are distributed to
disadvantaged groups (Benton-Short et al., 2017; Anguelovski et al., 2018a; Rigolon & Németh, 2018;
Baré et al., 2021). Another aspect of social equity is procedural equity. Procedural equity refers to
having an inclusive decision-making process that invites all citizens to voice their concerns and opinions
(Newell et al.,, 2013; Benton-Short et al., 2017; Anguelovski et al.,, 2018a; Mason et al., 2019).
Recognitional equity is another branch of social equity that refers to acknowledging the multiple
identities that make up a community and their varying beliefs, desires, needs, and opinions (Benton-

Short et al., 2017; Anguelovski et al., 2018a; Ortiz-Moya, 2018; Zhu et al., 2019).

Intergenerational equity is currently a pressing topic in social justice discussions and has resulted in
discussions concerning the equitable access of a sufficient quantity and quality of resources, such as
water, for current and future residents (Larson et al., 2013). Intergenerational equity in an urban
planning context requires diverse representation for future generations in decision-making (Larson et
al., 2013). In addition, intragenerational equity ensures members of the same generation have safe and
unbiased access to necessary resources which often may be obstructed by racism or politics (Larson et

al., 2013).

2.11 Integration of Green Infrastructure and Equity in Academia

Several papers have conducted research to integrate green infrastructure and equity through applicable
projects (Newell et al., 2013; Heckert & Rosan 2016). In Guangzhou, China, there has been research to
develop a Green Infrastructure Equity Index and related map, which shows which neighbourhoods have
higher numbers of green spaces and parks (Zhu et al., 2019). This research shows green infrastructure
provisions across several neighbourhoods and can help identify which areas are lacking in green spaces
and which areas may have inequitable accessibility to these green spaces (Zhu et al., 2019). Other
papers also propose including a Green Infrastructure Equity Index in urban planning to incorporate
community perspectives on how to distribute green infrastructure across a city to meet community
needs, as well to determine which communities might have the greatest benefits from green
infrastructure investment (Heckert & Rosan 2016; Heckert & Rosan 2018). Other projects also use socio-
spatial analysis to determine which areas are most in need of green infrastructure based on equity
disparities in access to resources for certain demographic neighbourhoods to mitigate the urban heat

island effect (McClintock et al., 2016; Sanchez & Reames, 2019).
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In addition, fellowships like the Rose Fellowship that promotes sustainable buildings, such as LEED
certified developments, can promote green infrastructure initiatives with goals that provide measures of
socioeconomic equity and can help with sustainable communities (Swenson et al., 2014). Sustainable
development goals also provide frameworks and goals to support the integration of green infrastructure
and equity to meet future projections (Dimitriou & Field, 2020; Scott, 2020). International organizations,
such as C40 Cities and the Global Covenant of Mayors promote sustainable development through

integrating the concepts of social equity, environmental sustainability, and liveability (De Lange, 2020).

2.11.1 Accessibility

Green space accessibility is an intersection of equity and green infrastructure (Benton-Short et al., 2017;
Luz et al., 2019; Zhu et al., 2019; Wolff et al., 2020). Green space accessibility refers to the association
between inequitable and unequal distributions of environmental stressors, access to resources, and
socioeconomic circumstances of community members, resulting in reduced accessibility for lower
income neighbourhoods and marginalized citizens (Benton-Short et al., 2017; Ferguson et al., 2018; Baré
et al.,, 2019; Luz et al., 2019; Wolff et al., 2020;). As well, parks may not be equitably accessible to
vulnerable groups because of mobility patterns as young, elderly, or lower-income groups may not have
access to vehicles or adequate public transit services (Bahrini et al., 2017; Benton-Short et al., 2017; Xiao
et al., 2019). Lisbon is one city where citizens have inequitable access to green infrastructure due to
historically uneven distributions within the city, hence isolating certain individuals from green spaces
(Luz et al., 2019). As a result, inequitable access to green spaces and parks can minimize the benefits of
green infrastructure to disadvantaged groups (Meerow & Newell, 2016). There needs to be an equity
lens when planning for green spaces to acknowledge the importance of distribution when developing
park spaces so that they are accessible for all citizens (Meerow & Newell, 2016; Zhu et al., 2019).
Applying procedural equity is necessary too, so that the planning process is democratic and informs a
variety of citizens about the positives and negatives of implementation (Newell et al., 2013; Benton-
Short et al., 2017; Anguelovski et al., 2018a). This allows all citizens to voice their wants and needs for
green spaces in their neighbourhoods, which can include providing their ideas for solutions in regards to

accessibility issues (Newell et al., 2013; Benton-Short et al., 2017; Anguelovski et al., 2018a).

Accessibility of green infrastructure includes having access to street trees and greenery on sidewalks
within neighbourhoods (Brooks et al.,, 2016; Bard et al., 2021; Lanza & Durand, 2021). Lower
socioeconomic neighbourhoods generally have fewer walkable streets with trees, whereas higher

socioeconomic neighbourhoods generally have more, resulting in an inequitable distribution of green
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infrastructure across a city (Brooks et al., 2016; Baré et al., 2019; Lanza & Durand, 2021). Trees can
provide shade at bus shelters to reduce heat stress (Lanza & Durand, 2021) and can help make
commuting more enjoyable, improving mental health and providing exposure to nature to residents at a
young age (Brooks et al., 2016; Bard et al., 2021). An equity lens needs to be applied when planning for
green infrastructure so that marginalized groups that are at greater risk of stormwater runoff and urban
heat island effect can benefit from valuable green infrastructure implementation, as well as have a voice
in the decision-making process (Meerow & Newell, 2016; Benton-Short et al., 2017; Anguelovski et al.,

2018a; Sanchez & Reames, 2019; Zhu et al., 2019).

2.11.2 Gentrification and Displacement

One concern researched in this review is ‘green’ or ‘environmental’ gentrification (Anguelovski et al.,
2018a; Rigolon & Németh, 2018; Bard et al., 2019; Carmichael et al., 2019; Hall & Knuth, 2019; Houston
& Zuiiiga, 2019). These terms refer to the displacement of marginalized communities or lower-income
individuals because of the addition of green infrastructure in historically disenfranchised
neighbourhoods that causes an influx of wealthier residents (Anguelovski et al., 2018a; Rigolon &
Németh, 2018; Carmichael et al., 2019; Hall & Knuth, 2019). Adding greenery to urban areas can
increase property values, unintentionally pushing out the residents that the green infrastructure was
designed to benefit (Carmichael et al., 2019; Hall & Knuth, 2019; Houston & Zufiga, 2019; Xiao et al.,
2019). Cities can implement green infrastructure and become more sustainable but, without equity
considerations, they can exclude lower-income, minority, and working-class residents (Anguelovski et
al.,, 2018a; Rigolon & Németh, 2018). Therefore, it is essential for green infrastructure projects to
consider social and environmental equity, otherwise green infrastructure benefits may not reach
communities most in need and therefore not support the city holistically (Anguelovski et al., 2018a;

Rigolon & Németh, 2018).

Gentrification is an important environmental justice and equity issue as large green infrastructure
investments can cause harm to the neighbourhoods most in need of the benefits of green infrastructure
(Anguelovski et al., 2018a; Rigolon & Németh, 2018). Integrating an equity lens into planning initiatives
is essential for holistic green infrastructure; otherwise, green infrastructure may not reduce the
vulnerability of the whole city (Anguelovski et al., 2018a). Thus, it is important to ensure that all
community members can participate in the discourse and that educational resources about green
infrastructure are provided through public engagement sessions or outreach initiatives (Newell et al.,

2013; Benton-Short et al., 2017; Walsh et al., 2017; Rigolon & Németh, 2018; Mason et al., 2019;
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Jayakaran et al.,, 2020). Procedural and recognitional equity are required to ensure all residents,
especially those in historically disenfranchised communities, voice their concerns about green
infrastructure projects in their cities (Newell et al., 2013; Anguelovski et al., 2018a; Ortiz-Moya, 2018;
Rigolon & Németh, 2018; Scott, 2020). Distributional equity is required so that green infrastructure will
benefit all communities as required for their well-being rather than only the wealthier classes (Benton-
Short et al., 2017; Anguelovski et al., 2018a; Rigolon & Németh, 2018; Scott, 2020; Baré et al., 2021).
Overall, planned and contemporary green infrastructure implementation with considerations for all

communities in a city is a growing worldwide trend.

2.12 Future Directions

The purpose of this systematic review is to determine how literature on equity and green infrastructure
integrates the two fields of research. Conscious integration of social equity and green infrastructure in
urban planning is vital to improve sustainability and to ensure all citizens benefit as needed from
ecosystem services from green infrastructure implementation (Anguelovski et al., 2020). As well, it is
essential for research regarding green infrastructure to include all aspects of social equity and their
definitions so there is no miscommunication about terms and there is a framework for implementation.
Municipal, regional, and larger-scale governmental authorities need to communicate with each other
because of the complexity of cities. Governments must also include the public in planning and
developmental discussions for equitable and sustainable growth (Fricker, 2003; Fainstein, 2005; Larson,
2009; Reece, 2018; Anguelovski et al., 2020). Therefore, it is important that literature and research lay a
foundation for cities to reference when creating official plans. The proper adoption of social equity and
green infrastructure into city planning will support urban and environmental justice within communities

in order to develop sustainable futures.

The systematic literature review has demonstrated that the articles yielded about green infrastructure
including the word equity are lacking necessary equity considerations as few articles considered the
historical context of equity in urban planning or elaborated on the type of equity their article addressed.
The authors may just use the term ‘equity’ as a buzzword without deeper understanding the historical
context or meaning behind the word. Many articles briefly mention the term equity without further
explanation. Most articles did not elaborate on the definition of equity, nor did they mention what type
of equity was of consideration. With the amount of historical academic articles and research on equity in
city planning, it is unjustifiable not to consider how planning green infrastructure could influence

communities at risk.
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Environmental equity is acknowledged as it refers to the distribution of environmental benefits but also
environmental threats and hazards (Ortiz-Moya, 2018; Zhu et al., 2019). Yet, there are no considerations
of historic environmental inequities, such as racial segregation and zoning for indigenous or minority
communities so they purposely suffered from environmental hazards or lacked ecosystem service
benefits. The articles do not create the essential linkage between ecosystem service justice and spatial
equity, as location certain populations may live in areas of the cities that are already at higher risk of
vulnerability. As well, these articles do not address any of the intersectionality that is crucial to
understand the complexities of individual lives and lived experiences. These acknowledgements are
necessary for inclusive city planning so that all residents receive the benefits they need from green
infrastructure investments, and without these inclusions, decision-makers can inadvertently ignore their

needs or the potential impacts of planned developments.

Certain articles do integrate both equity and green infrastructure within their research and planning.
This demonstrates that other articles have the capacity to reflect on equity planning matters. Much of
the literature demonstrates that green infrastructure implementation is inequitable, as certain
neighbourhoods benefit from thoughtful investment, whereas marginalized communities are lacking
access to parks, street trees, green spaces, and their subsequent benefits that are needed greatly
(Meerow & Newell, 2016; Bard et al., 2019; Zhu et al., 2019; Baro et al., 2021). This puts communities at
greater risk of natural hazards, such as heatwaves, floods, and other climate impacts, reducing the
overall sustainability of a city, and further exacerbating socioeconomic inequality (Meerow & Newell,

2016).

Green gentrification is studied and acknowledged in several articles, displaying that green infrastructure
implementation could cause further harm to vulnerable communities without respect to epistemic
justice and community participation (Fricker, 2003). Recent literature states that those most as risk will
continue to remain at risk of displacement or gentrification without the application of necessary equity
lenses (Anguelovski et al., 2018b; Rigolon & Németh, 2018). However, there are not any mentions of
spatial equity when discussing green gentrification, nor the historical context of environmental racism

when planning. History needs an analysis to address present-day injustices.

However, the articles that do describe and define equity only consider social justice, such as
considerations of distribution, procedure, and recognition equities (Newell et al., 2013; Benton-Short et
al., 2017; Anguelovski et al., 2018b; Ortiz-Moya, 2018; Rigolon & Németh, 2018; Mason et al., 2019; Zhu

et al.,, 2019; Bard et al.,, 2021). Only one article discusses equity that is more intricate, such as
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considerations of intergenerational and intra-generational equity, which is an important issue causing
social movements, such as Black Lives Matter and Youth Strike for Climate. More considerations for
intra-generational equity are required in planning literature, as green infrastructure needs to benefit
current residents equitably (Larson et al., 2013). Considerations for intergenerational equity are also
essential so that plans for cities are sustainable for future generations, such as by caring for resources
and ensuring that there are quality resources for children and subsequent generations (Larson et al.,

2013).

Future research about green infrastructure implementation in cities must address these social justice
issues so that the urban greenery is neither exclusionary nor exploitative. Green infrastructure must not
benefit only the wealthier class or exclude certain residents from green space access because that will
not create a holistically sustainable city. All residents, regardless of mobility, disability, age, sex, gender,
ethnicity, or class deserve the social and health benefits from green infrastructure in their cities.
Otherwise, injustices and inequities will continue to grow within urban systems, especially during
extreme crises like extreme climate events or pandemics, such as the current Covid-19 emergency,
where those who are most at risk will suffer more from any impacts. Future research on city planning
needs to improve by learning from the past and evolving understanding and integration of green
infrastructure and equity to build a better future. Thus, city plans must utilize contemporary and future
literature to develop plans and policies that will adequately integrate intersectional social equity with

green infrastructure implementation so that it benefits those most in need.

2.13 Conclusion

For adequate adoption into city planning frameworks, academics must ensure that their research
adheres to procedural, distributional, and recognitional equity for urban greening studies. It is essential
that green infrastructure research does not continue to exacerbate socioeconomic inequity in cities or
ignore the needs of historically marginalized communities. However, green infrastructure
implementation requires more than just the trifecta of social equity, but rather an understanding of the
complexity and intersectionality of the lived experiences of all residents within a community
(Anguelovski et al., 2020). Green infrastructure implementation must have a community participation so
that residents can speak about their concerns, their experiences, and their issues with any planned
development. Planners and other government officials need to listen to understand the different power
dynamics that affect various communities. Decision-makers and planners need to have engagement

sessions to address their needs and concerns of vulnerable populations and listen to their suggestions
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because they may unconsciously ignore a group of people that planning decisions ultimately will affect.
This understanding and recognition will help with developing green infrastructure with considerations
for accessibility, feminism, and other marginalized identities to improve quality of life across all

neighbourhoods in a city.

It is important to understand the historical context of equity within urban planning because it outlines
why certain communities may distrust municipal governments and planning officials. There is a mistrust
due to environmental racism, social injustices, and systemic racism in cities. For social cohesion and
public involvement, governments and officials must demonstrate their understanding of their histories
and provide frameworks for social advancement and support. It is important not to be dismissive of the
lived experiences of communities and to welcome stories so that implementation of green
infrastructure will not repeat historic injustices or contribute to current inequities within cities, such as
environmental racism. In addition, there needs to be an indigenous lens applied to green infrastructure
development as well. Most of these articles do not consider indigenous perspectives or acknowledge the
longstanding systematic injustice of colonization and oppression on minority communities. If the article
contains both equity and green infrastructure in its keywords, then it must do the due diligence and
understand the meaning behind the word equity, rather than using it as a buzzword. | recommend that
city plans explain and demonstrate their understanding of historical injustices within in their community.
By showing their willingness to learn and support healing through epistemic justice, then planner and
other officials can develop green infrastructure with all communities in mind. There will then be more

inclusive advocacy planning and community participation.
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Bridge

Equity and its connection with green infrastructure is a contemporary topic in urban planning literature,
as shown by Chapter 2, which is Manuscript 1. The integration of equity and green infrastructure are
essential to ensuring planning policies are inclusive, diverse, and socially responsible. As cities grow,
demographics change and all populations and their intersectionality need to be considered by decision-
makers when developing and implementing green infrastructure (Anguelovski et al., 2020). For cities to
be holistic and welcoming, no communities should be excluded or ignored by government officials and
planners. Multiple types of equity need to be considered when using an equity lens in the planning

practice (Anguelovski et al., 2020).

As well, cities are undergoing rapid change due to climate change as well. Climate change impacts
disproportionately affect underprivileged groups as they are most vulnerable to extreme weather
events because of a lack of support and resources (Langemeyer & Connolly, 2020). Equity then needs to
be considered so vulnerable communities can receive the resources as needed to improve their
resilience and quality of life. The city needs to support and understand all communities in order for

there to be transformative chance that addresses systematic issues (Anguelovski et al., 2020).

As a result, it is crucial to analyze whether equity and green infrastructure research conducted by
academics has been applied to present planning practice. In Manuscript 2, | will take the research
conducted from Manuscript 1, and use those results to develop a framework to assess the integration of
equity and green infrastructure in comprehensive city plans and resilience strategies of Calgary,
Montréal, Toronto, and Vancouver. The comprehensive city plans were developed by municipal
planners, and the resilience strategies were developed thanks to grants awarded by the Rockefeller

Foundation.

The framework developed in Manuscript 2 is emulating the framework created by Fitzgibbons &
Mitchell, 2019. Their framework also assessed strategies of cities that participated in the 100RC
program. Fitzgibbons & Mitchell’s framework assessed equity and social justice in their resilience

strategies, whereas mine will assess equity and green infrastructure.

My framework consists of 25 questions based of the systematic literature review conducted in Paper 1.

By assessing the plans in Manuscript 2 and giving them a total score out of 25, | can then determine
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whether the integration of equity and green infrastructure was woven into the cities’ planning practice. |
will then be able to provide recommendations of how to better incorporate equity considerations into
green infrastructure planning for those cities assessed. As well, | provide examples of other utilizations

for my framework so that equity is not just an afterthought in urban planning practice.
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Chapter 3 - Assessing the Integration of Green Infrastructure and
Equity of Comprehensive Municipal Plans and Resilience Strategies in

Four Canadian Cities

3.1 Overview

Green infrastructure is recognized as a beneficial solution to help support the mitigation and adaptation
of climate change and its consequences. Equity considerations in comprehensive community plans are
necessary when implementing green infrastructure projects to ensure that green infrastructure benefits
a city at large, including its disenfranchised communities. Four cities in Canada received grants from the
Rockefeller Institute to write Resilience Strategies as part of the “100 Resilient Cities” program (100RC)
to support sustainable development for the future. These strategies have common themes such as
climate change, flooding, and the urban heat island effect. | developed a framework to evaluate green
infrastructure and equity integration in municipal plans and the aforementioned resilience strategies. |
assessed literature regarding green infrastructure and equity to create this framework. Green
infrastructure that benefits higher-income populations or is used solely for urban renewal can result in

socio-spatial inequalities and segregation.

Multiple types of equities and intersectionality need to be considered as cities are growing more
diverse, and city planners need to be conscious of the lived experiences of a variety of individuals. If
equity is not analyzed explicitly, the plans may unconsciously ignore disenfranchised communities. An
equity lens must be applied to create healthy and sustainable cities with green infrastructure. For
example, an equitable framework evaluation helps to ensure that all residents benefit from green
infrastructure. Without equity considerations, marginalized socioeconomic groups may remain

vulnerable to climate change impacts and other vulnerabilities.

3.2 Introduction

Approximately 54% of the world’s population currently lives in cities; by 2050, that percentage will grow
to nearly 66% (Leeson et al., 2018). The global human population is increasing, surpassing 7 billion in
2010 and estimated to rise to approximately 10 billion by 2050 (Lutz & KC, 2010). Demographics in
Canada will shift so that the number of senior citizens will increase as the baby-boomer demographic

advances in age. In contrast, the number of younger Canadians will remain lower due to decreasing
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fertility rates (Barbieri & Ouellette, 2012). There is also more immigration and growing diversity in
Canadian cities (Barbieri & Ouellette, 2012). Cities are changing at an unprecedented rate, and city
officials need to be mindful of demographic changes and population growth. These are considerations

for planners and politicians when developing city plans and proposing future actions.

In addition to demographic changes, there will likely be an increase of at least 1.5°C in worldwide
temperatures given the planet’s current greenhouse gas emissions (IPCC, 2018). These greenhouse gas
emissions will result in urban heat islands, heatwaves, varied precipitation, extreme flooding events, and
consequent social inequality and displacement due to climatic hazards and disasters (IPCC, 2018). In
conjunction with current social issues afflicting cities, it is essential to plan for climate change to mitigate
climatic events and prevent compounding societal issues. Numerous municipal governments worldwide
have created climate change adaptation strategies or have incorporated climate change action
strategies in existing policies to mitigate adverse effects or adapt to shifting conditions (Henestra, 2012;

Lipper & Nelson, 2019).

The Rockefeller Foundation gave cities grants to publish resilience strategies to support resilience and
adaptation to future conditions. The 100 Resilient Cities (100RC) program aimed to support resilience,
which in their view included shocks and chronic stresses of a city, such as high unemployment and
endemic violence. The 100RC program aimed to help cities respond to adverse events and better deliver

essential services to all populations (Climate Initiatives Platform, 2020).

The Rockefeller Foundation described urban resilience as “The capacity of individuals, communities,
institutions, businesses, and systems within a city to survive, adapt, and grow no matter what kinds of
chronic stresses and acute shocks they experience” (Climate Initiatives Platform, 2020). However,
Resilience can also be defined as the ability of an urban system “to maintain or rapidly return to desired
functions in the face of a disturbance, to adapt to change, and to quickly transform systems that limit
future adaptive capacity” (Meerow et al., 2016). Four Canadian Cities, Calgary, Montréal, Toronto, and
Vancouver, participated in the Resilience Cities program until the program was cancelled in 2019 (Lipper
& Nelson, 2019). In that time, the cities received grants, published their resilience strategies, and
provided an opportunity to study lessons learned and plans developed in an international setting (Lipper

& Nelson, 2019).

The four cities’ resilience and climate change strategies address the impacts of climate change with

mitigation and adaptation initiatives to benefit the cities. Cities want to prevent and protect residents
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against climatic disasters such as flooding, urban heat island, and other extreme weather events. Green
infrastructure supports urban resilience by providing ecological functions and services to cities and
residents. However, equitable implementation of green infrastructure is necessary so that all
populations in a city benefit from green infrastructure benefits. All four Canadian cities have populations
of over one million, and their populations continue to grow and diversify. Therefore, future

development must be sustainable and resilient to climate change.

The resilience strategies must consider green infrastructure and equity in their plans. In addition, | have
also evaluated municipal climate change adaptation plans as those plans also have climate action goals
and incorporate green infrastructure implementation. The framework used in this paper was developed
for this assessment through an intensive literature review of contemporary academic journal articles on
the topics of green infrastructure and equity, and their overlap. My goal is to assess these plans and
have this framework as a tool to assess other comprehensive community plans (e.g., Official Plans) and
future iterations of these plans to ensure adequate consideration for the integration of equity within
green infrastructure development and implementation. Because green infrastructure is a known
solution to several environmental issues, green infrastructure integration also requires an equity lens for
implementation because equitable green infrastructure must benefit all populations for it to be resilient
and to avoid further segregation and inequality of populations (Fainstein, 2015; Lorinc & Pitter, 2016). |
will end this paper with recommendations for the urban planning practice so that future iterations of
plans and strategies can utilize a more in-depth equity lens for their green infrastructure development

and implementation policies.

3.3 Literature Review

Climate change is the third-largest concern among member cities of the 100RC program (Climate
Initiatives Platform, 2020). Anthropogenic activities cause climate change by emitting an excess of
greenhouse gases into the atmosphere (Carmichael et al., 2019; De Lange, 2020; Dimitriou & Field,
2020). In addition, climate change poses many challenges to urban environments, including amplified
uncertainty regarding weather patterns, rising temperatures and sea levels, and an increase in extreme
weather events (Williams et al., 2010; Larson et al., 2013; William et al., 2017; Bard et al., 2019; Houston
& Zuiiga, 2019; Mason et al., 2019; Zhu et al., 2019; Lanza & Durand, 2021). Thus, it is essential for
climate change actions to have green infrastructure and equity considerations; otherwise, specific
populations, unconsciously or consciously, will be excluded from municipal climate adaptation and

mitigation benefits.
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3.3.1 Climate Change, Green Infrastructure, and Equity

Green infrastructure is referred to in the four Canadian cities’ resilience strategies and the climate
change adaptation strategies. Green infrastructure includes greenspace such as parks or tree canopies
or built infrastructure such as green roofs to incorporate natural ecosystem functions that benefits
residents and those residents may value in urban spaces (Coutts & Hahn, 2015; Bush & Doyon, 2019).
Ecosystems can provide services, such as carbon sequestration or water filtration from forests and tree
canopies in an urban environment, which benefit humans and support a healthy quality of life (Costanza
et al., 1997; Bolund & Hunhammar, 1999). Green infrastructure can be applied at various levels in a city,

such as neighbourhood-level or city-wide.

There are numerous benefits to implementing green infrastructure projects in a city, and green
infrastructure can be used to develop a sustainable future. Green infrastructure in urban environments
increases their resilience against climate change, and its implementation could inspire additional nature-
based solutions (Bush & Doyon, 2019). For example, utilizing urban forests and wetland ecosystems as
green infrastructure can provide flood protection and mitigation (Bolund and Hunhammar, 1999). Green
infrastructure applications can be used in conjunction with traditional grey infrastructure to manage
stormwater runoff, and can help mitigate or prevent flooding due to varied precipitation and extreme
weather events (Meerow & Newell, 2016; Ramirez-Rubio et al., 2019; de Lange, 2020; Majekodunmi et
al.,, 2020). Local communities can implement green infrastructure strategies themselves. Community
gardens are a green infrastructure application used to increase the resilience of a local food system and
the social resilience of a community by supplementing resources because climate change can stress

global food production (Kameshwari & Molnar, 2016; Safiudo-Fontaneda & Robina-Ramirez, 2019).

Green infrastructure must be equitable for all city residents. Green infrastructure that only benefits
higher-income populations, or is used solely for urban renewal, does not benefit the entire city and is
not equitable (Haase et al., 2017). Instead, inequitable green infrastructure implementation further
increases socio-spatial inequalities and segregation (Haase et al., 2017). Less affluent and homeless
populations could be at risk of displacement during infill processes or green infrastructure integration.
The addition of urban green spaces could also raise housing prices (Haase et al., 2017; Rigolon &
Németh, 2018; Baro et al., 2019; Carmichael et al., 2019; Hall & Knuth, 2019; Houston & Zuiiiga, 2019).
The effects of careless green infrastructure implementation could result in green gentrification and
disproportionately harm vulnerable groups by inadvertently forcing lower-income residents out of their

communities (Anguelovski et al., 2018b; Rigolon & Németh, 2018; Baré et al., 2019; Carmichael et al.,
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2019; Hall & Knuth, 2019; Houston & Zuiiiga, 2019). Therefore, it is necessary to integrate green
infrastructure and equity when developing city plans so that green infrastructure projects do not worsen

inequity and inequality.

When implementing or developing green infrastructure projects, it is essential to consider social equity,
which consists of distributional, procedural, and recognitional equity. Distributional equity refers to how
resources, such as ecosystem services, are distributed to disadvantaged populations versus wealthier
groups (Benton-Short et al., 2017; Anguelovski et al., 2018; Rigolon & Németh, 2018). Procedural equity
means ensuring that there are inclusive decision-making processes and other proceedings so that all
citizens have an invitation to voice their concerns and ideas towards city-building (Newell et al., 2013;
Benton-Short et al., 2017; Anguelovski et al., 2018; Mason et al., 2019; Baré et al., 2021). Recognitional
equity refers to acknowledging the numerous identities that contribute to a community and respecting
their different beliefs, needs, thoughts, and wants (Benton- Short et al., 2017; Anguelovski et al., 2018;
Ortiz-Moya, 2018; Zhu et al., 2019).

There is more than just social equity needed to ensure that a city is just. When applying an equity lens to
a city plan, there are other concerns and considerations, such as intergenerational and intragenerational
equity (Langemeyer & Connolly, 2020). Intergenerational equity raises the concern of equitable access
to a sufficient quantity and quality of resources for future generations despite current and past
generations’ excessive consumption (Larson et al.,, 2013; Langemeyer & Connolly, 2020). Thus,
intergenerational equity requires diverse representation in decision-making for future generations so
that cities can be sustainable and provide a healthy quality of life with essential resources such as clean
water and healthy forests (Larson et al., 2013). Intragenerational equity ensures that people living in the
same generation have safe and unprejudiced access to necessary resources (Larson et al., 2013).
Currently, intragenerational inequity is abundant worldwide due to greed, politics, and racism, which

prevents people from accessing basic human needs such as food, shelter, and water.

Another equity consideration is the intersectionality of populations within a city (Anguelovski et al.,
2020). Communities are complex, and people have various lived experiences, so decision-makers such as
planners and politicians need to create a safe environment for community members to speak about
their concerns, experiences, and ideas for the city. Having city planners recognize, respect, and
understand multiple identities will improve accessibility for spatial equity, quality of life, gender equity,
and create a welcoming home for all individuals (Benton-Short et al., 2017; Luz et al., 2019; Zhu et al.,

2019; Anguelovski et al., 2020; Wolff et al., 2020). In urban planning, the cognizant assimilation of all
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types of equity and green infrastructure is necessary to develop sustainable cities and guarantee that all
populations benefit from ecosystem services provided by implementing green infrastructure projects

(Anguelovski et al., 2020).

Climate change can affect historically disenfranchised communities in greater magnitudes than higher-
income communities due to systematic issues caused by decreased investment in lower-income
neighbourhoods (Dobbs et al., 2018; Bard et al., 2019; Zuniga-Teran et al., 2020). When implementing
green infrastructure for climate change mitigation and adaptation, applying an equity lens is critical so
that neighbourhoods most in need of green infrastructure benefits receive them equitably (Baro et al.,
2019; Xiao et al., 2019; Scott, 2020; Zuniga-Teran et al., 2020). Otherwise, climate change and extreme
weather events will continue to negatively impact disenfranchised and marginalized communities
(Williams et al., 2010; Scott, 2020; Zuniga-Teran et al., 2020). Without conscious integration of green
infrastructure and equity, inequitable green infrastructure implementation may result in extreme
weather events, such as flooding and extreme heat, increasing socioeconomic inequality in cities

because of exacerbated climate change affects (Williams et al., 2010; Scott, 2020).

3.3.2 Resilience, Green Infrastructure, and Equity

Altogether, the integration of green infrastructure will support resilience. Ecosystem resilience is one
type of resiliency that cities strive for to maintain ecosystem services and support sustainable
development (Fang et al., 2021). Green infrastructure supports ecosystem resilience through strategic
planning of the bionetworks of various ecosystems in urban areas that contribute to biodiversity and
human health (Ferguson et al., 2018; Wang et al., 2019). In addition, climate resiliency is vital in cities to

withstand the impacts of climate change.

Through the implementation of beneficial green infrastructure in cities, ecosystem services can provide
flood mitigation in urban areas, thus increasing climate resilience to surface flooding from precipitation
events (Meerow & Newell, 2016; Sanchez & Reames, 2019; De Lange, 2020; Majekodunmi et al., 2020;
Venter et al., 2020; Lanza & Durand, 2021). In addition, green infrastructure can help support disaster
resiliency and recovery by enhancing the geographical surroundings through its ecosystem services,
such as community gardening to provide a local food system and forestry programs to mitigate shocks

(McClintock et al., 2016; Meerow & Newell, 2016; Hall & Knuth, 2019).

Climate resiliency and ecosystem resilience need to be included in urban planning to promote urban

resiliency throughout the city. Urban resiliency can proliferate with the implementation and
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development of green infrastructure (Meerow & Newell, 2016). However, for resilience to reach all
members of a city, green infrastructure implementation and development needs to include an equity
lens. Otherwise, disenfranchised socioeconomic groups will remain vulnerable to negative climate
change influences and extreme weather events (Anguelovski et al., 2018; Dobbs et al., 2018; Zhu et al.,
2019; Majekodunmi et al., 2020; Zuniga-Teran et al., 2020). An equitable approach would include
ensuring that urban planners and government officials highlight green infrastructure investment in
vulnerable communities with a social equity lens application (Anguelovski et al., 2018). Another
approach would include providing and disseminating educational materials and outreach so residents
can make informed choices that improve community resiliency and help voice their concerns and ideas
in public town hall meetings about green infrastructure projects (Anguelovski et al., 2018; Bar¢ et al.,

2019; Hall & Knuth, 2019).

3.4 Background

The plans evaluated in this paper are the four Resilience Strategies written as part of the 100RC, “100
Resilient Cities” program. The program was developed with the support of the City Resilience
Framework that was used to provide a resilience lens to identify areas in a city that needed additional
actions and programs to improve their urban resilience with the support of a Chief Resilience Officer
(Resilient Cities Network, 2020). The program built networks and partnerships and received funding
from global stakeholders to support collaborative action on urban shocks and stresses (Rockefeller
Foundation, 2020). The 100RC program aims to support global research and provide a forum for
coordinated learning to foster the integration of multiple projects and reduced governmental silos
(Rockefeller Foundation, 2020). The 100RC program concluded that resilience strategies could support

creating a resilience lens that helps implement higher-impact projects (Resilient Cities Network, 2020).

Cities were chosen because of problems associated with rapid urbanization and globalization. These
problems can include essential health and well-being or environmental needs, such as climate
adaptation and mitigation. Each city is unique and developed their own resilience strategy based on its
needs and desires for improvement (Rockefeller Foundation, 2020). The program is international, and
cities around the world participated in the program. Each city published their unique resilience strategy
based on the challenges that the city faces. However, the program aims to create a global collaborative
social change by sharing findings and research with international funding partners to support initiatives

(Rockefeller Foundation, 2020).
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The Rockefeller Foundation announced its dissolution in late 2019. However, the Resilient Cities
Network continues its legacy by maintaining and expanding the stakeholders and partnerships it created
so that cities continue to have a network of support and funding for their resilience strategies (Resilient
Cities Network, 2020). The Resilient Cities Network aims to support cities to develop resilient futures
and provide benefits to vulnerable communities (Resilient Cities Network, 2020). The 100RC, although
has discontinued, can continue to provide valuable insight through my green infrastructure and equity
framework by analyzing its successes, failures, strengths, and weaknesses. This opportunity for learning

can be used to better develop future plans and strategies.

The only four Canadian cities that participated in the program and received grants from the Rockefeller
Foundation are Calgary, Montréal, Toronto, and Vancouver. The Resilience Strategy for Montréal was
published and approved by the city council in 2018. Calgary, Toronto, and Vancouver had their plans
published and approved by their respective councils in 2019. The other four plans assessed with the
same framework are the municipal climate change strategies for the respective cities. These plans are
created using governmental funds and are created with the support and work of public servants. These
plans also have common themes to mitigate and adapt to the consequences of climate change, such as

extreme weather events like flooding and heatwaves.

These four Canadian also have written their respective municipal climate change adaptation strategies,
or comprehensive community plans with climate goals. Toronto published TransformTO in July 2017,
with its next iteration set to be published as the TransformTO Implementation Plan 2021-2023 (City of
Toronto, 2021). The Vancouver Climate Change Adaptation Plan was published in 2018 and has goals
that extend to 2050 (City of Vancouver, 2020). The Montréal Climate Adaptation Strategy was published
in 2015 and had an updated 2017 report assessed for this paper. The City of Montréal has recently
published a newer iteration that will extend from 2020-2030 (Ville de Montréal, 2020). Finally, Calgary
has adopted its resilience strategy as its climate adaptation strategy (City of Calgary, 2021).
ImagineCalgary is the City’s long-range urban sustainability plan that was published in 2006, and has
been used in place for the framework evaluation to assess because it contains long-range climate
actions and goals. All the plans and strategies names and date of publication can be found in Table 1

under the Limitations and Scopes section.

3.4.1 Flooding
All four Canadian cities have stated within their plans and strategies that flooding is an increasing threat

to infrastructure and residents in the City. Recently, there are more flood events due to decaying or
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outdated infrastructure and changing precipitation and weather patterns caused by climate change (Poff
et al., 1997; Milly et al., 2002; Nirupama et al., 2014). Climate change can cause earlier spring thaws to
alter river peak flows and intensity or to coincide with warmer winters and snowmelt (Naess, 2004). It is
essential to emphasize that flooding can exacerbate inequity in a city. Populations who live in
basements, people without shelters, or those dependent on public transportation can be affected

greatly by flood events (O’Hare & White, 2018).

In addition, certain populations are more exposed to risk due to place inequity or social equity because
of their lack of resources (Burningham et al., 2007; O’Hare & White, 2018). Exposure and vulnerability to
flooding risks in an urban environment can be dependent on an individual’s and a community’s wealth
and education, disability status, health status, age, gender, class, and other social or cultural

characteristics (Owrangi et al., 2014; Anguelovski et al., 2016).

Calgary, Montréal, and Toronto are all prone to riverine flooding because of the cities’ proximity to large
rivers. In Vancouver, sea-level rise from melting ice caps can put coastal environments at increased risk
of coastal flooding and storm surges. Coastal flooding can also further exacerbate pre-existing damage
from erosion and the effects of saltwater (Vitousek et al., 2017; Hallett et al., 2018). Urbanization can
reduce the permeable surfaces of cities, such as forested areas that can store water through
interception in the foliage and percolation in the soil, as well as in floodplains and, consequently, can

reduce their ability to naturally mitigate flood events (Wheater & Evans, 2009).

Green infrastructure can provide ecosystem services for all residents, including flood protection and
mitigation (Bolund and Hunhammar, 1999). However, when integrating green infrastructure, it is
essential to include equity-seeking groups to understand the effect on vulnerable populations (Haase et
al.,, 2017). Green infrastructure that benefits higher-income populations or solely is used for urban
renewal does not benefit the entire City and is not equitable, and thus can further increase socio-spatial
inequalities and segregation (Haase et al., 2017). Less affluent and homeless populations could be at risk
of displacement during the infill process or green infrastructure integration. The addition of urban green

spaces could potentially raise housing prices (Haase et al., 2017).

3.4.2 Heat Island Effect
Increasing temperatures due to climate change are a threat in Calgary, Montréal, Toronto, and
Vancouver as well. Urban areas also are prone to heat island effect because of decreasing albedo due to

darker coloured manufactured infrastructure such as asphalt and concrete (Yang et al., 2016).
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The transpiration of vegetation and the lower heat index of soil can reduce temperatures in rural areas
compared to urban cities. Increasing tree canopies, greenspaces, and integrating additional green
infrastructure can reduce the urban heat island effect (Gallo et al., 1993; Hawken, 2018). Green
infrastructure such as green roofs can also reduce the urban heat island effect by creating a higher

albedo. Plants also absorb heat and give off moisture (Oberndorfer et al., 2007; Hawken, 2018).

Lowering temperatures in the city can benefit citizens and ecosystems that are not adapted to extreme
heat or prolonged extreme heat. Heatwaves can cause death in populations that do not have air
conditioning or other methods to escape the heat. Minimum nightly temperatures are also an essential
factor in heatwave severity. If the temperatures do not decrease, then no relief is given to residents or
animals in the City at night (Smoyer-Tomic et al., 2003). Heatwaves and extreme heat can also cause
death in vulnerable populations, such as the elderly or ill. Heatwaves in Canada are likely increase
further in severity, frequency, and longevity due to climate change (Smoyer-Tomic et al., 2003; IPICC,

2018).

3.5 Methods

In my first paper, The Implementation of Equity & Justice in the Greening of Urban Infrastructures: A
Review, | completed a systematic literature review of contemporary academic journal articles from
2000-2021 using the key terms “green infrastructure” and “equit*” in JSTOR, SCOPUS, and
TANDFONLINE. | then conducted a qualitative literature review focusing on the historical context of
equity and modern literature on green infrastructure. | used this literature review from my first paper to
develop a framework of 25 questions to assess municipal climate change action plans and resilience
strategies as found in Appendix B. | will go through each of the eight plans and strategies to answer the
guestions in the framework, giving a score of 0, 0.5, or 1. A score of 0 means that the plan or strategy
did not meet the criteria of the question and lacked the equity and green infrastructure asked. A score
of 0.5 means that the plan did not fully integrate green infrastructure and equity in the context of the
question asked but has completed some steps to show consideration for both. A score of 1 means that
the plan meets the criteria of the question asked. The questions are all weighted the same, resulting in a

total score out of 25.

This framework is emulating Fitzgibbons & Mitchell (2019), as those researchers have previously created
a framework to evaluate equity and social justice in resilience strategies. Fitzgibbons & Mitchell (2019)
also developed questions and gave a score out of 1 to assess the cities’ focus on social equity in the

narratives of the resilience strategies.
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The questions for my framework were developed through an extensive review of the literature found
through the systematic review. The literature outlined the importance of integrating equity with green
infrastructure implementation so that equity-seeking groups can participate in decision-making so that
planners and other officials will understand the effect of proposed developments on vulnerable
populations (Haase et al., 2017; Anguelovski et al., 2018; Bard et al., 2019; Meerow et al.,, 2019).
Including equity-seeking groups in the decision-making process will expose missing considerations in a
plan for their neighbourhoods. In order to include all populations, barriers such as language and
accessibility need to be addressed as well (Newell et al., 2013; Benton-Short et al., 2017; Walsh et al.,
2017; Anguelovski et al., 2018; Rigolon & Németh, 2018; Mason et al., 2019; Jayakaran et al., 2020).
Some of the questions in the framework fall under multiple categories, such as questions that refer to

both recognitional equity and intersectionality.

The framework also acts questions based on the terms “acts of commission” and “acts of omission”
which were terms devised by Anguelovski et al. (2016). These terms refer to inequitable acts enacted by
cities through their climate change adaptation actions or strategies. An act of commission is one that
commits an action that directly negatively affects or displaces a disempowered community. An example
would be one that tears down homes of marginalized people to create a park. Whereas, an act of
omission, on the other hand, is an action which enriches the quality of life for higher-income or
privileged members of a community at the expense of a disempowered community. An example of an
act of omission would be to plant street trees in an already affluent neighbourhood, but not in a lower-

income neighbourhood.

Furthermore, it is essential to address the root causes of vulnerability and understand why specific
populations are marginalized in their cities (Anguelovski et al., 2016; Reece, 2018; Langemeyer &
Connolly, 2020). It is necessary to recognize the history of vulnerabilities and inequities certain
communities face to address and change them. The literature explored helped create questions related
to distributional and recognitional equity about green infrastructure implementation. To ensure equity
is integrated into discussions and actions regarding green infrastructure, it is essential to ask questions
such as, “Are benefits of green infrastructure goals/actions intentionally directed at populations of
interests?” Questions about the integration of distributional and recognitional equity are questions 1, 3,

4,8,9,12, 15, 16, 18, and 25.

Questions about epistemic justice are also essential to include in the framework, as literature states

politicians or planners may unconsciously ignore the needs of vulnerable residents and thus strengthen

40



injustices because they assume their best interests without consultation (Fricker, 2003; Anguelovski et
al., 2020; Langemeyer & Connolly, 2020). Such a framework supports the need for having equity-seeking
groups and other disenfranchised populations included in the decision-making process to include and
acknowledge their lived experiences for community planning as a form of procedural equity. Including
epistemic justice considerations and encouraging ongoing participation from all community members
can also help make the plan better by addressing any negative impacts from any planned or
implemented actions or goals (Fricker, 2003; Anguelovski et al., 2020). Thus, it is crucial that frameworks
addressing equity ask questions like, “Is the root cause vulnerability of certain populations explored or
treated?” Questions about lived experiences and procedural equity are questions 2, 5, 10, 11, 13, and

17.

Other equity considerations are needed in urban planning, as cities are increasingly diversifying (Barbieri
& Ouellette, 2012; Anguelovski et al., 2020). Intergenerational equity is vital as planning for the future
needs to include the voices of younger generations who will be impacted by the results and actions of
these plans (Langemeyer & Connolly, 2020). Intergenerational equity is significant to climate change
actions, as the future will likely have unprecedented weather events due to climate change. Thus, it will
greatly affect the younger generation’s access to resources and quality of life as they age. Accessibility is
a factor as well, as specific populations may not have access to vehicles or may not be able to commute
to parks and greenspaces (Zhu et al., 2019). It is also important to note that residents in a city can
belong to multiple groups and have numerous identities that intersect with one another (Anguelovski et
al., 2020; Langemeyer & Connolly, 2020). More than one of these identities can also be a part of an
equity-seeking group, so this as well needs to be recognized (Anguelovski et al., 2020), so it is critical to
ask questions like “Are multiple types of equity and potential intersection between them addressed in

the strategy?” Questions about the intersectionality and different equity types are 6, 24, and 25.

The plans cannot assume that all readers know what green infrastructure and it must be defined. Green
infrastructure needs to have a definition so that all readers, including other officials and the public,
know what is meant by the term in reference to the plan. The public also may not be aware of benefits
and services that green infrastructure provides for cities, so that needs to be explained within the plan
(Benton-Short et al., 2017; Anguelovski et al., 2018; Ferguson et al., 2018; Baré et al., 2019; Hall &
Knuth, 2019; Luz et al.,, 2019; Wolff et al.,, 2020). The plans need to provide these definitions and
information to readers for transparency and so that the public can voice their concerns and opinions

about any proposed actions or developments across the city or even in smaller-scale projects, such as
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neighbourhoods (Anguelovski et al., 2018; Anguelovski et al., 2020). Equity itself needs to be defined so
that the plans have a working definition and can have conscious integration of equity when they refer to
it and other potential equitable outcomes (Anguelovski et al., 2020). For example, question 7 simply
asks, “Is equity defined in the strategy?” Questions regarding the background knowledge and
transparency of green infrastructure developments and the definition of equity are 7, 17, 18, 19, 20, 21,

22, and 23.

Indigenous knowledge must also be considered in city plans because the Canadian cities are built on the
ancestral and traditional territories of respective indigenous groups. Respectful dialogue and
relationship building is required so that government officials, planners, and First Nations groups can
work together to develop actions and goals upon which both parties can agree. Plans need to
acknowledge the claims and knowledge of the indigenous populations on their traditional land to
support Canada’s truth and reconciliation actions. Historically, planning in Canada was a colonial process
that resulted in systematic discrimination and disregarded indigenous needs and voices (Lane 2006;
Prusak et al., 2016). Canada needs to have a transactive and participatory planning practice to build
trust and, respect First Nations communities that advocate for their own planning practices and self-
determination on their own lands (Lane, 2006; Prusak et al., 2016). Thus, question 24, “Is indigenous
knowledge addressed and considered for green infrastructure implementation within the strategy?”
refers to indigenous knowledge and asks whether First Nations considerations and traditional

knowledge are included in the plans.

3.6 Limitations and Scope

There are several limitations to this paper. | am only assessing climate change adaptation plans and
resilience strategies in this paper. The Resilience Strategies were chosen to be assessed for green
infrastructure and equity for this framework to evaluate if green infrastructure projects considered
equity. That is one way to ensure the city will be resilient as a whole, including against climate change.
These four Canadian cities were chosen because they are the only four Canadian cities with resilience
strategies. Assessing the plans and strategies of only Calgary, Montréal, Toronto, and Vancouver does
not provide an adequately representative sample of all climate change adaptation plans within Canada

or of the country’s green infrastructure and equity policies.

Climate Change Adaptation plans for municipalities were chosen as they attempt to mitigate and adapt
to climate change. Thus, they would be an excellent companion to use to evaluate with the framework

created. As climate change strategies have common themes found in the resilience strategies, they help
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assess green infrastructure implementation and equity. Their strategies also need to support all
populations and the city as a whole. Thus, they provide a comprehensive municipal plan to demonstrate

the usefulness of the framework developed and how the framework could be used for other municipal

plans.
City Title Date of Publication
Toronto TransformTO 2017
Toronto Resilience Strategy 2019
Vancouver Vancouver Climate Change | 2018
Adaptation Plan
Vancouver Resilience Strategy 2019
Calgary imagineCalgary 2006
Calgary Resilience Strategy 2019
Montréal Montréal Climate Change | 2015

Adaptation Plan
Montréal Resilience Strategy 2018

Table 1. Table displaying the title and date of publication of all eight plans and strategies assessed and evaluated using the

developed green infrastructure and equity framework.

There may exist other plans and strategies written by municipalities that include equity, diversity, and
inclusion in their policies, or other plans that include green infrastructure strategies, but due to time
constraints and because climate change is the focus for green infrastructure and equity integration
within implementation in this paper, only two types of official plans will be assessed. My goal is to
create a framework that can be used to assess other comprehensive community plans that use green
infrastructure development and implementation. Future amendments to these plans will be not be

assessed, as | am focusing on the comprehensive city plan as published.

Additionally, the City of Calgary has adopted the resilience strategy as part of its climate change action
strategy. As a result, there is no specific climate change adaptation plan to assess. In lieu, | will assess
‘imagineCalgary’, their 100-year action plan for long-range urban sustainability with climate and equity
considerations. Montréal has also since published a new climate change adaptation plan in late 2020 as
their 2020-2030 iteration, but this paper assessed their previous climate change adaptation plan, their
2015-2020 iteration. This paper focuses on the 2015-2020 iteration because the new plan was published

after the research for this paper started.

43



3.7 Results

| conducted a plan assessment and evaluation of the eight plans and strategies of the four Canadian
cities using the framework | developed. For Calgary, | assessed imagineCalgary, their 100-year action
plan. For Montréal and Vancouver, | judged their Climate Change Adaptation Strategies. For Toronto, |

evaluated TransformTO, the City’s climate action strategy.

3.7.1 Framework Evaluation

The framework used to evaluate the municipal plans and resilience strategies is found in Appendix B. By
using the framework, which consists of 25 questions, the plans and resilience strategies are given a
score of either 0, 0.5, or 1. 0 indicates that the plan or strategy does not meet the criteria asked of the
guestion. 0.5 means the plan or strategy does indicate it is making progress towards the criteria but has
not reached it yet, or has plans to address the criteria soon. A score of 1 shows that the plan or strategy
does meet the criteria asked by the framework question. Appendix B shows the score earned by each
plan and strategy per question in the framework. Figure 1 displays the final scores accumulated by each
plan and strategy. The Calgary Resilience Strategy earned the highest total and imagineCalgary and the
Vancouver Resilience Strategy tied for having the second lowest scores. These scores are not an
indicator of the plan’s quality but solely an indicator of the degree to which equity and green
infrastructure considerations were prioritized and integrated within the plan. The lowest score, the

Montréal Resilience Strategy, demonstrate that equity or green infrastructure was not considered.

The questions for the plan were developed through a systematic literature review of contemporary
journal articles that analyze the integration of green infrastructure and equity in urban planning.
Common themes regarding equity and common issues from lack of equity were pulled from the articles
and used to form questions. | include questions regarding equity which researchers emphasize are
important to include, otherwise it could harm vulnerable populations. In the Methods section, | dive
deeper into which questions refer to what types of equity. The framework in Appendix B also contains a

column to indicate the equity lens applied for each question.
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Figure 1. The comparison of each plan or strategy’s total score out of 25 from the Green Infrastructure & Equity Framework

Evaluation displayed on the graph.

The majority of the plans address that specific vulnerable groups are more prone to natural disasters
and other insecurities in cities. However, only the Toronto Resilience Strategy and the Calgary Resilience
Strategy address that these equity-seeking groups face systematic and historical injustices contributing
to these insecurities. All the plans, at least, discuss the benefits of green infrastructure that will implicitly
or explicitly support these vulnerable populations. However, the Montréal Resilience Strategy and

imagineCalgary do not make attempts to improve access to these benefits.

None of the plans address the negative impacts that certain actions or goals, such as gentrification or
displacement, may have on vulnerable populations (Fricker, 2003; Rigolon & Németh, 2018; Anguelovski
et al.,, 2020; Langemeyer & Connolly, 2020). Historically and internationally, green infrastructure
projects can increase property values and result in an influx of higher-income residents. This can
displace members in a community and price out lower-income residents. Therefore, it is essential to
consider the consequences of green infrastructure implementation and create actions to mitigate the

adverse effects on present residents not to reduce their quality of life.

Not all of the plans provide definitions for equity and green infrastructure, such as TranformTO, the
Toronto Resilience Strategy, imagineCalgary, and both Montréal plans. Both of these definitions need to

be provided, as they are important considerations for municipal plans. In addition, not all of the plans
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provide educational outreach or materials to inform the public about green infrastructure initiatives.
The governments and their plans must be transparent. It is also crucial that information is accessible and
available to everyone. Thus, having materials in multiple languages is necessary. For example, none of
the plans provide translation materials for minority groups in the community. Only TransformTO
provides volunteers to inform residents about climate change initiatives in the community in numerous

languages.

Since all of the cities are located on the traditional territories and lands of respective First Nations
communities, all the plans must have respectful and consensual consultations with those First Nation
communities. The First Nation communities are keepers of the land and must be involved in the
decision-making process. The plans and strategies must remain mindful of the indigenous communities
and include actions and goals to strengthen their relationship while also contributing towards truth and
reconciliation. Equity lenses should also ensure that indigenous knowledge is integrated into the plans
to embed the cultural traditions of regional, indigenous, or local communities respectfully. For example,
the Calgary, Toronto, and Vancouver Resilience Strategies include goals to empower the indigenous
community and to include them in decision-making processes and stakeholder consultations in city
plans; however, the Montréal Resilience Strategy does not mention indigenous knowledge or First
Nation communities at all. For the municipal plans, the Montréal Climate Change Adaptation Plan does

not mention indigenous knowledge or First Nations communities.

3.7.1.1 Plan Content
Each plan has different visions, resulting in different goals and subsequent actions to achieve those

goals. Regardless, each plan does have actions towards climate change adaptation and mitigation, as

well as aspects of integrating equity within their plans.

In Toronto, TransformTO has sections focusing on “buildings”, “energy”, “transportation”, “waste”,
“outreach and engagement”, and “finance and governance’. In the sections on buildings and energy,
there are actions focusing on retrofits and green energy for residential housing, and providing funding
for those unable to afford retrofits on the homes they own. There are other goals within TransformTO to
lower greenhouse gas emissions throughout the City. It is also stated that the Environment and Equity
Division is “applying equity lens analysis early in program and policy design and specific instances are

highlighted throughout this report.” (pg 11, TransformTO, 2019).

The Toronto Resilience Strategy has equity as a core component of their strategy and a resilience

priority. Actions in the Toronto Resilience Strategy that have an equity component are highlighted with
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an equity symbol. A lot of the climate and environment actions will include an equity component as
well, such as action A2.1, which aims to improve neighbourhood resilience, and action B1.5 which aims

to develop, integrate, and advance green infrastructure throughout the City.

The Vancouver Climate Change Adaptation Plan has numerous goals for integrating green infrastructure
in the City, and also applies equity considerations to try to ensure all citizens benefits. One of the
objectives of the plan is to focus on equity in climate change preparedness actions, which is shown
Section 4, “Connected and Prepared Communities” (pg. 42, Vancouver Climate Change Adaptation Plan,
2019). These include actions such as improving health and safety during heat waves by prioritizing
housing for green infrastructure retrofits. Other actions like the Urban Forest Strategy also integrate

equity with green infrastructure development.

For the Vancouver Resilience Strategy, equity and intersectionality is a guiding principle. This plan does
include various types of inequity that are present within a city, such as gender inequity and racial
inequity, and considers the intersectionality an individual may have in a society. This strategy values
lived experience for all these groups of people and aims to use this equity framework to guide its
actions, such as in objective 2.1, which aims to elevate underrepresented voices, and objective 2.4,

which aims to advance to disaster risk reduction with holistic recovery planning.

imagineCalgary is a guiding document for the City of Calgary and includes a section on equity and on the
environment. These sections are divided into silos, so the equity does not consciously integrate with
other sections. Although the climate section does say that it aims to guarantee equitable access to land
and water, it does not define how it will do that in an equitable manner, and it does not define what

types of equity are considered.

The Calgary Resilience Strategy consciously integrates equity into its Pillar 2, Inclusive Futures, and
subsequently its Pillar 3, Natural Infrastructure. The strategy defines equity-seeking communities and
aims to listen and speak to them in meaningful ways so that they can be included in city building
decisions. This will continue to its section on Natural Infrastructure, which aims to support the natural
environment and its assets throughout the City. However, the integration of equity and green

infrastructure is not explicitly stated.

The Montreal Climate Change Adaptation Plan has green infrastructure related strategies to mitigate
flooding, heat waves, and to improve the overall climate resilience of the City. The plan even has maps

showing areas at higher risk of flooding and heat island effect. Elderly populations and children were
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also described to be more vulnerable to these extreme climate events. However, there is no mention of

equity considerations throughout the plan.

In the Montreal Resilience Strategy, there are also actions the aim to mitigate risk of flooding and
extreme heat. This includes action 10, which aims to develop green infrastructure to improve resilience
for flooding and for heat waves. But, equity considerations are not applied in this plan. There are no
mentions of equity-seeking communities, or certain populations that may be more vulnerable to climate
change risks. Despite that, action 9 will aim to develop a list of vulnerable populations under certain

situations so that certain groups can be targeted for support.

3.8 Discussion

As equity-seeking groups are often most at risk of heat stress, flooding, and air pollution, integrating
green infrastructure will increase equity and overall better quality of life. For example, tree canopies
intercept precipitation, improve air quality, and support biodiversity and soil health. Likewise, ravines
can help protect the city from flooding, reduce urban heat island effects, and support biodiversity.
Green infrastructure is one of the solutions that can support mitigation and adaptation for current and

future residents, but it needs to be applied with an equity lens.

Overall, the resilience strategies have scored higher than the municipal climate change adaptation plans,
except for the Vancouver Climate Change Adaptation Plan. The Resilience strategies as a whole combine
multiple sectors and projects to avoid silos, allowing for interdisciplinary projects that are impactful. For
example, in the Toronto Resilience Strategy, the Basement Flooding Protection Program is part of one of
its actions: Action B1.3, “Review and update existing flood mitigation programs to account for
resilience” (pg. 98, 2019). Flooding in Toronto impacts lower-lying areas and causes severe water
damage. In addition, since generally equity-seeking groups may live in basements, they will need more
support during a flood event. Since equity-seeking groups are more likely to use public transportation,
the public transportation system will need to be more resilient and redundant in the event of a flood.
Action B1.3 touches upon the climate change considerations, the financial considerations, the

transportation considerations, and the equity considerations of basement flooding.

The Resilience Strategies focus on more than just climate change due to their holistic nature; however,
the Vancouver Climate Adaptation Plan demonstrates that even plans focusing on climate change can
support green infrastructure and equity integration through their actions. The Urban Forest Strategy,

mentioned in the Vancouver Climate Change Adaptation Plan (pg 30, 2019), is an example of equitable
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climate action as those most in need of these resources can receive them. Lower-income
neighbourhoods at risk of higher urban heat islands and flooding receive priority tree planting initiatives
to help mitigate and prevent extreme weather events from damaging their communities. Thus, both
resilience strategies and municipal climate change adaptation plans must consciously decide to utilize an

equity lens when implementing green infrastructure projects in their planning process.

imagineCalgary, on the other hand, has few policies that integrate equity and green infrastructure
policies. The equity actions in the plan tend to focus on political representation than support community
members, however, it could be argued the diverse representation will result in greater social equity.
However, through this representation, imagineCalgary aims to further indigenous self-governance, as
stated in action 56, “By 2020, all public institutions and systems create and implement an urban
Aboriginal policy that recognizes the detrimental colonial history experienced by First Nations, Metis
and Inuit people; reduces barriers to public participation and governance; and supports economic, social

and political advancement.”

Comprehensive city plans need to ensure that equity is applied to their actions, goals, and strategies.
Cities are complex urban systems and decision-makers need to consider all of the intricacies of a
growing city, especially with impending climate change impacts such as extreme heat and variable
precipitation events. Green infrastructure implementation and development can provide benefits to all
community if integrated with an equity lens. So, it is essential that green infrastructure is integrated
with equity in urban planning practice so that policies do not contain acts of commission and acts of
omission (Anguelovski et al., 2016). Acts of commission and omission in regard to flood and extreme
heat events could be potentially fatal and also exclude those most vulnerable to these events in the first
place. Green infrastructure development needs be equitable to mitigate and adapt to climate change
holistically, so that those most in need of benefits and resources to protect and enhance their lives

receive them as needed.

For example, question 5 of the framework, “Are potential negative impacts from actions acknowledged
in the strategy?” has a 0 across all city strategies and plans. There are no discussions relating to possible
displacement from green infrastructure implementation or development, or any discussions about
possible green gentrification (Anguelovski et al., 2018b; Rigolon & Németh, 2018; Baré et al., 2019;
Carmichael et al., 2019; Hall & Knuth, 2019; Houston & Zuiiiga, 2019). My framework displays an equity
consideration missed by these comprehensive city plans and strategies. This is harmful and thus an

equity lens that considers the possible ramifications of acts of omission needs to be applied. Vulnerable
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populations must be part of the decision-making process so that they can raise their concerns about
how to avoid negative impacts and government officials must plan to mitigate potential negative

impacts from their actions (Anguelovski et al., 2016).

Another example is question 22, “Does the strategy explain how green infrastructure can support
disaster recovery”, which the framework shows does not have a score of 1 by any of the plans or
strategies assessed. This is another equity consideration overlooked by the plans. Green infrastructure
can support disaster recovery through providing a source of local food, providing ecosystem
rehabilitation and restoration to mitigate future shocks (McClintock et al., 2016; Meerow & Newell,
2016; Hall & Knuth, 2019). In the event of a disaster, generally the vulnerable populations have the least
amount of resources to recuperate their losses, and thus green infrastructure needs to be able to
provide support to these communities. Extreme weather events and climate impacts are becoming
increasingly common (IPCC, 2018), and therefore equitable green infrastructure implementation for
disaster recovery will support these communities and should not be discounted by decision-makers

(Hawken, 2018).

3.8.1 Equity Lenses

If equity is not explicitly considered, plans have the potential to ignore equity-seeking communities
unconsciously. Recognitional equity is necessary to ensure all community members are heard and seen
(Schlosberg, 2007; Krumholz & Hexter, 2018). This is especially true in cities where large portions of the
population may speak and read another language as their first language. Accordingly, translation
services or copies of the plans and educational materials in several languages must be available for

transparency’s sake (Fricker, 2003; Anguelovski et al., 2020; Langemeyer & Connolly, 2020).

Procedural equity ensures that all community members can engage in the decision-making process and
in public engagement sessions (Schlosberg, 2007; Krumholz & Hexter, 2018). Procedural equity also
ensures that groups that may have been historically disenfranchised or distrustful of the government
have a safe space to voice their concerns (Lane, 2006; Schlosberg, 2007; Meerow et al., 2019). However,
simple diversity and inclusion may not be enough for systemic change; there needs to be internal

change to create opportunities for marginalized groups.

Distributional equity helps make sure benefits are accessible to all residents (Schlosberg, 2007;
Krumholz & Hexter, 2018). In response to growing diversity in cities, green infrastructure

implementation must be mindful of multiple identities and intersectionality when planning for projects
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(Anguelovski et al., 2020). Other equities, such as food equity, gender equity, and racial equity and
vulnerabilities, such as age, disabilities, and lower-income level need to be considered. Specific
populations may have compounding vulnerabilities because they belong to several equity-seeking
groups and may not have easy access to some benefits. Aside from the Toronto Resilience Strategy, all of
the plans need to better address multiple equities and intersectionality in their plans to include the lived

experiences and challenges faced by various individuals (Fricker, 2003; Anguelovski et al., 2020).

These plans and strategies look to make a positive impact so that the future is sustainable and healthy.
These plans are often part of more extensive regional plans that make goals and actions to make sure
the community is healthy and vibrant in the future. Therefore, it should be necessary for all the plans to
have intergenerational considerations when planning for the future (Larson et al., 2013). The youth are
increasingly aware of the realities of climate change and have protested to make their voices heard,
such as through the Youth Strike for Climate. Equity lenses in each plan should look to how actions and
goals will affect generations into the future and if there will be enough resources to sustain them
(Larson et al., 2013; Langemeyer & Connolly, 2020). It is unfair to give future generations the burden of
an unhealthy community and lesser quality of life due to current unsustainable consumption and

environmental demands.

3.8.2 Green Infrastructure Considerations

The literature describes the necessity of integrating equity and green infrastructure. However, certain
community members could face negative impacts without active consideration of vulnerable
populations and the possible unintended effects that development and projects could have on a
neighbourhood (Anguelovski et al., 2020; Langemeyer & Connolly, 2020). For example, construction in a
neighbourhood may displace certain residents. Alternatively, adding greenspace or a community park in
a neighbourhood may contribute to gentrification resulting in higher property taxes and pushing lower-
income residents out of their communities (Rigolon & Németh, 2018; Carmichael et al., 2019; Hall &

Knuth, 2019; Houston & Zuiiga, 2019; Xiao et al., 2019).

Also, implementation without public engagement sessions and consultations with community members
could leave certain benefits inaccessible by creating a greenspace that is not accessible by public
transportation, for example (Meerow & Newell, 2016; Rigolon & Németh, 2018; Zhu et al., 2019). None
of the plans address the potential negative impacts that happen due to park development. Notable
examples of such unfavourable impacts can be seen near New York City’s High Line greenway park and

Lene-Voigt-Park in Leipzig, where creating greenspace led to gentrification (Haase et al., 2017; Rigolon &
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Németh, 2018). Plans must consider the possibility of the actions and goals of the strategies to harm to

certain residents and have steps to mitigate or prevent such externalities.

Certain neighbourhoods may also be at higher risk of climate effects, such as the urban heat island
effect and flooding (Nesbitt et al., 2019). This may be due to spatial inequities, caused perhaps by being
located near or in a floodplain for flooding, or in an urbanized area without tree canopies for urban heat

island (Brooks et al., 2016; Bard et al., 2019; Lanza & Durand, 2021).

It can be helpful to prioritize certain neighbourhoods for green infrastructure initiatives, such as the
Urban Forestry Strategy, as addressed in the Vancouver Climate Change Adaptation Plan. The Vancouver
Climate Change Adaptation Plan and Vancouver Resilience Strategy provide maps showing areas of
higher risk of floods and seismic activity. The Montréal Climate Change Adaptation Plan has maps to
show areas prone to heavy rainfalls, riverine floods, heatwaves, and droughts. Knowledge and analysis
of these areas can help provide support for disaster prevention or recovery measures. Additionally,
TransformTO provides a map of areas with higher air pollution due to vehicle emissions, which can be
used to prioritize green infrastructure projects, such as tree planting to help reduce carbon emissions in

those neighbourhoods.

Green infrastructure has multi-functional, adaptable, and sustainable forms. In all forms, green
infrastructure provides ecosystem services that provide environmental, economic, and social benefits in
n both its natural forms, such as forests and riparian areas, and its human-built forms, such as green
roofs and bioswales. Investing in green infrastructure provides cost-saving benefits over time as well.
Green infrastructure may incur a cost to implement, but the improved quality of life, human health
benefits, recreation, and food production result in savings over time in a community. As well, many

green infrastructure additions save money in stormwater management and energy expenditures.

It is important that these cost savings benefit those most in need. Green infrastructure savings need to
be equitable. For example, green roof subsidies and grants can ensure that lower-income residents can
afford to retrofit their homes. In addition, city policies and programs can ensure that rental units also
are able to attain retrofits and the energy savings can go renters. If green roofs are not accessible to
disempowered communities, then green roof retrofits would be act of omission (Anguelovski et al.,

2016).
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Furthermore, connectivity and proximity is also important in green infrastructure in order to create a
network. Coordinated planning for green infrastructure can provide greater benefits by ensuring that
natural areas are connected along a corridor. Disenfranchised communities need to be included in the
network so the benefits will also reach their neighbourhoods, such as through a continuation of a
network of street trees, or green trails that connect urban forests. This will increase the benefits
throughout the city and ensure that vulnerable populations are in proximity to greenspaces. Integrating
their communities with regional green infrastructure projects can further improve connectivity and

provides an opportunity to hear the needs of those communities.

3.8.3 Heat Island Considerations

During an extreme heat event, vulnerable communities are less likely to have air conditioning or a car to
access cooling centres if located far away, an equity lens needs to be applied to ensure that all
communities can access essential, potentially life-saving services provided by their city. As stated,
extreme heat events and overall summer heat temperatures are expected rise in cities. It is crucial that
green infrastructure benefits, such as cooling from shade from tree canopies, be available and equitably

implemented throughout the city to mitigate heat island effect.

Equitable green infrastructure would include using an equity index to determine which areas of the
community are most in need of natural infrastructure to provide cooling benefits, such as the urban
forest strategy in the Vancouver Climate Change Adaptation Plan. As well, retrofits on older buildings to
make them energy efficient can also provide cooling effects, as stated in TransformTO. TransformTO has
several retrofit policies. For example, action 1.4, which is “Improving energy efficiency of social housing”
and action 1.5, “Continued support for residential property owners” intends to improve residential
homes for both rents and homeowners with energy efficient retrofits. Action 1.1, which is “Enhancing
the better buildings partnerships” aims to support energy efficient retrofits of commercial and

institutional buildings around the City.

The Montréal Climate Change Adaptation Plan has a section on heat wave related actions, such as,
“Design spaces allowing people to refresh themselves and avoid exposure to extreme heat” and to
“Develop emergency response measure for heat waves” (pg 30, 2015). Although it does not focus on a
particular vulnerable group of residents for these heat waves, aside from young children and the elderly,

the plan does show it has considerations for those at risk of extreme heat. The plan also provides a map
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displaying areas of the City most at risk to heat waves, as seen in Figure 2 and these could be used as

focus areas for priority actions.

AGGLOMERATION OF MONTREAL VULNERABILITY TO HEAT WAVES

Figure 2. Map of areas in Montréal at varying risk to heat waves, obtained from the Montréal Climate Change Adaptation Plan

(pg 18, 2015).

My framework shows that heat island is considered in every plan and strategy, but certain plans do not
provide equitable actions to support vulnerable communities in the event of a heat island event. My
framework shows that improvements could be made through having more city plans address the root
causes of these vulnerabilities, as well as include vulnerable population in the decision-making process
for green infrastructure so that they can address how they would like to be approached going forward
on issues related to heat island effect. My framework also shows that the comprehensive city plans for
all four cities did not include direct strategies to improve access to cooling centres or greenspaces in
relation to heat island effect, except for the Toronto Resilience Strategy. An equity lens needs to be

applied so that vulnerable populations do not continue to suffer disproportionately from extreme heat.

3.8.4 Flooding Considerations
Flooding is an extreme weather event that is occurring more often in all four Canadian cities assessed.
Vulnerable communities are more at risk of the impacts of flooding as they may be renters or live in

basement apartments. These communities may also rely heavily on public transportation, which may
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not be able to service certain areas in the event of a flood. As well, vulnerable groups may not be able to
afford insurance or have monetary recuperation in the event of a flood, thus putting them more at risk
and increasing their vulnerability. In addition, certain populations in these communities may have no

place to go or find shelter if their residence is flooded, putting them at risk of homelessness.

Flooding disproportionately affects disenfranchised communities, and thus an equity lens is essential
when developing green infrastructure policies that mitigate or help adapt to flooding so that these
communities are not excluded. They need to express their concerns, needs, and desires in the case of a
flooding event, and they need to have their voices heard when developing green infrastructure so that
those benefits reach their communities. For example, a restoration project at the mouth of the Don
River, called the Port Lands Flood Protection (Toronto Resilience Strategy, 2019, pg 95), will mitigate
flooding by rehabilitating and restoring riparian ecosystems along the river. This is part of the policy
action B1.2, “Flood Resilience”. It is essential that vulnerable communities are reached out for their
input so their concerns are addressed, and their input can be added to better supporting them in the

case of a flood.

As well, the Vancouver Climate Change Adaptation Plan does clearly intend to use green infrastructure
to mitigate flooding. As stated in the plan, Vancouver will mitigate flood events with their policy Action
1.3, “Utilize the piped system, green infrastructure and other rainfall storage strategies to attenuate
water from catchments that drain into floodplain areas prone to coastal flooding.” This indicates that
flooding is a known issue that certain cities are using scientific research to try to address problems

through policy.

The Montréal Climate Change Adaptation Plan also has actions for flooding and provides a map, as seen
in Figure 3, for those at higher risk of fluvial flooding during spring events or destructive storms. Actions
relating to flooding in this plan include “Increase the stability of riverbanks against erosion” and
“Increase the resilience of infrastructures and buildings to flooding of river banks”. However, green

infrastructure is not referred to in the narrative as a method to mitigate the flood events.
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AGGLOMERATION OF MONTREAL VULNERABILITY TO RIVER FLOODS

Figure 3. Map displaying the varying risk of riverine flooding in Montréal, obtained from the Montréal Climate Change

Adaptation Plan (pg 28, 2015).

My framework demonstrates that flooding is a risk in all four Canadian cities, but certain cities do not
have equitable actions to mitigate floods or educate residents on flooding. Improvements could be
made by address spatial equity so that all residents do have a way to access shelter during a flood event.
As well, another recommendation would be to increase barrier-free participation so that residents can

make their concerns about flooding heard and to propose their ideas on how to best support them.

3.9 Future Directions

Equity needs to be defined in all plans so that all stakeholders, officials, and community members
understand their premise and purpose, especially if an equity lens is applied to actions and goals
towards green infrastructure implementation. Multiple equities and considerations of vulnerabilities
should be included, and definitions of those equities should be provided to provide clarity to all readers
too. All plans with green infrastructure projects should have a definition of green infrastructure so any
stakeholders, officials, or members of the community who are unaware of the term or require additional
information can access it. This will prevent confusion and help outline the requirements when

integrating equity and green infrastructure considerations in community plans.

The Covid-19 pandemic has exacerbated inequities found in contemporary cities. Many residents who

live in cities and are lower-income residents or apartment dwellers do not have their own backyards.
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These residents need access to green spaces for their mental, physical, and emotional health. As a
result, a lack of access to greenspace and walkable space is a significant concern. In the United States of
America, in 100 major cities, white neighbourhoods, on average, have access to more park acreage than
minority neighbourhoods (Chapman et al.,, 2021). As well, lower-income and disenfranchised
communities are less likely to have the ability to drive to parks further away and are more dependent on
parks accessible by walking or public transportation (Bahrini et al., 2017; Benton-Short et al., 2017; Xiao
et al., 2019).

Spatial equity is essential because certain neighbourhoods are further away from certain parks and their
associated benefits. Generally, lower-income and marginalized neighbourhoods do not have access to
the same high-quality parks and natural features as higher-income neighbourhoods, or may not have
access to vehicles to drive to parks at a distance (Brooks et al., 2016; Bard et al., 2019; Anguelovski et al.,
2020; Lanza & Durand, 2021). Therefore, it is vital to keep this in consideration when developing green
infrastructure so that the benefits purposefully reach disenfranchised communities, as they are at higher
risk of climate impacts and consequently need the socioeconomic and ecological benefits of green

infrastructure (Meerow & Newell, 2016; Baro et al., 2019; Zhu et al., 2019; Baré et al., 2021).

Using the developed framework to evaluate the integration of green infrastructure and equity in city
plans can be beneficial. It can outline where considerations towards either aspect are missing in a
comprehensive community plan. The framework can help determine if multiple equity considerations
are met, as well as intersectionality. This framework can help plan for cities that are equitable and
sustainable through the development of green infrastructure. The framework also considers climate
change and the two common themes found in all four cities plans: flooding and the urban heat island
effect. Climate change disproportionately affects historically disenfranchised communities and

marginalized neighbourhoods (Dobbs et al., 2018; Bar¢ et al., 2019; Zuniga-Teran et al., 2020).

As resources were limited, | was not able to hire another reader to assess the same eight plans and
strategies using my framework to determine if the results would be duplicated. Future researchers
studying the topic of green infrastructure and equity integration in Canadian Cities could try to use my
framework to duplicate the results. This will help validate the reliability of my developed framework. As
well, researchers could take this framework to new cities and determine which issues residents in
respective cities care most about to weigh certain questions in the framework more greatly. This will
also change the results and help assess where equity integration is most needed in green infrastructure

implementation in certain cities.
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Resiliency will only proliferate if all residents benefit from green infrastructure; else, marginalized
socioeconomic groups will remain vulnerable to climate change impacts (Anguelovski et al., 2018; Dobbs
et al., 2018; Zhu et al., 2019; Majekodunmi et al., 2020; Zuniga-Teran et al., 2020). Urban planners and
government officials need to prioritize green infrastructure investment in vulnerable communities with
recognition and application of social equity (Anguelovski et al., 2018). Educational initiatives need to be
inclusive, as well as included, to help residents make choices that improve their local resiliency and, give
them a voice in community and city-level discussions about green infrastructure projects (Anguelovski et
al., 2018; Baré et al., 2019; Hall & Knuth, 2019). Finally, implementation of green infrastructure needs to
be systematic and with an equity lens for the city to become more resilient, and thus more sustainable,

as a whole (Anguelovski et al., 2018; Dobbs et al., 2018; Zhu et al., 2019).

3.10 Conclusion

Therefore, when planning for climate change mitigation and adaptation using green infrastructure, it is
essential to apply an equity lens to ensure that those most in need receive the most benefits from green
infrastructure development (Bard et al., 2019; Xiao et al., 2019; Scott, 2020; Zuniga-Teran et al., 2020).
Inequitable green infrastructure implementation can amplify the consequences of climate change, such
as flooding and extreme heat, to increase socioeconomic inequality in cities (Williams et al., 2010; Scott,
2020). Using a framework, such as the one developed for this paper, can help ensure that equity

considerations are included when implementing green infrastructure in urban planning.

Resilience strategies, on average, demonstrate more cohesion and integration of multiple sectors,
including the combination of green infrastructure and equity considerations. Official plans from
municipal governments can use this framework to ensure their strategies include vulnerable
communities and equity considerations in their green infrastructure developments. However, vulnerable
populations can be excluded even with the best intentions, and inequities can worsen without
considering and integrating multiple types of equity in the urban planning process. Lessons dictate that
equity in conjunction with other actions and goals needs to be part of the planning process to support

holistic urban resilience in the face of climate change.
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Chapter 4 - Thesis Conclusions

My thesis has explored the integration of green infrastructure and equity within city and community
planning. | have examined equity implications of green infrastructure development without conscious
considerations of residents’ lived experiences, and how marginalized communities may be prone to an
increased risk of harmful climate change effects without an adequate equity lens. | also examine how
green infrastructure and equity can help increase resiliency within a city so that it may improve

sustainability.

The goal of my research was to examine if there was contemporary literature on the topic of green
infrastructure and equity integration in urban planning and then to use that literature to develop a
framework to assess green infrastructure and equity considerations in comprehensive city plans in
Canadian Cities. My thesis explores numerous types of equity and intersectionality considerations in
conjunction with various green infrastructure implementations. In order to prevent the exacerbation of
socioeconomic inequality in cities and improve the overall well-being of residents, the consideration of

green infrastructure and equity is necessary. The following conclusions have been

1. Ignoring or unconsciously dismissing equity considerations when developing or implementing
green infrastructure can exacerbate inequality. Scholars have argued that it is necessary to be
conscious of equity integration with green infrastructure; otherwise, planners and policymakers
will involuntarily exclude certain groups of people from receiving the benefits of green
infrastructure (Anguelovski, 2018a; Rigolon & Németh, 2018; Anguelovski, 2020). In some
situations, not applying an equity lens on green infrastructure projects or implementation can
cause extremely adverse effects, such as displacement, gentrification, or further inequality
within a community (Meerow & Newell, 2016; Anguelovski et al., 2020; Langemeyer & Connolly,

2020).

2. Future research on equity and green infrastructure needs to consider more than just social
equity. As Anguelovski (2020) stated in their article, various types of equity and intersectionality
must be considered for equity to permeate throughout the city, including anti-subordination. It
is also necessary to listen to and consider the lived experiences of citizens because planners and
policymakers may not understand or relate to their daily struggles (Fricker, 2003). Lived
experiences are important for decision-makers to understand and respect (Fricker, 2003; Lorinc

& Pitter, 2016; Langemeyer & Connolly, 2020). Each individual may be facing several difficulties
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and challenges in their daily lives due to their intersectional identities that other people may not
recognize due to their privileges, such as gender, sexual orientation, disability, or race (Owrangi
et al., 2014; Anguelovski et al., 2016; Anguelovski et al., 2020). Future scholarship needs to
research a variety of equity considerations when applying green infrastructure to include the
wide spectrum of individuals that live within a city. Then that research can be applied to

policymaking and decision-making.

Green infrastructure can support climate change mitigation and adaptation, so it is necessary to
ensure equitable implementation. Green infrastructure supports ecosystem resilience, protects
biodiversity, and provides ecosystem benefits (Costanza et al., 1997; Bolund & Hunhammar
1999; Newell et al., 2013). It is crucial for city planners and decision-makers to implement green
infrastructure to mitigate and adapt to extreme weather events since they are becoming
increasingly common and severe due to climate change (IPCC, 2018). It also is essential that the
green infrastructure projects benefit all members of a community so that the city and
community are protected holistically and that inequality does not grow because certain
individuals are at high risk of climate vulnerabilities (Fainstein, 2015; Lorinc & Pitter, 2016;

Anguelovski et al., 2018a; Anguelovski et al., 2020; Langemeyer & Connolly, 2020).

Understanding the historical context of disenfranchised communities during the planning process
is necessary so to improve relations and to acknowledge better why certain communities may
distrust municipal governments and planning officials. City officials must apply an equity lens to
their decision-making process and public engagement sessions to include disenfranchised
communities. However, it is also essential for policymakers, planners, and other government
officials to understand why these inequities exist in the city and why certain groups may be
hesitant to trust the process or hesitant to join in (Metzger, 1996; Rothstein, 2017; Reece,
2018). City planners can address and apologize for past historical injustices by understanding
and recognizing the city’s history and then start a dialogue or conversation with affected groups
to rebuild and strengthen relationships. Transparency and mutual respect are important in city
building and transactive planning (Fricker, 2003; Fainstein, Dhillon & Young, 2010; 2005; Reece,
2018; Anguelovski et al., 2020).
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5. Future iterations of city plans and resilience strategies need to include an equity lens framework
to ensure that the benefits of green infrastructure can reach all populations as needed. Planning
is a continual process to create a better and sustainable future (Meerow & Woodruff, 2019;
Anguelovski et al., 2020). Feedback is essential from citizens who are affected by actions and
projects implemented through city planning. Future iterations of comprehensive city plans must
address the issues that the city is facing and may face in the future, and that includes ensuring
all citizens profit from green infrastructure development and its benefits (Fainstein, 2005;
Newell et al., 2013; Benton-Short et al., 2017; Reece, 2018; Rigolon & Németh, 2018). An equity
lens framework, such as the one produced for Manuscript 2, can support such initiatives for a
city to ensure that equity needs and considerations are met in conjunction with green

infrastructure implementation.

6. Equity capacity building for planners is necessary. Planners work with the public and develop
plans that will directly influence residents. It is essential for planners to take empathy training
and build equity capacity in their work to understand how their actions could affect others,
directly or indirectly. All accredited planning institutions should offer courses on equity and
planning. My analysis demonstrates that many plans may not consciously integrate equity into
the planning process, and research proves the integration of an equity lens is needed in planning

(Anguelovski, 2020).

4.1 Contributions to Scholarship and Practice

The climate is changing and causing unprecedented and adverse effects around the world (IPCC, 2018).
The world population continues to grow and more people live in cities that may be vulnerable to
extreme climate impacts (IPCC, 2018; Leeson et al., 2018). News headlines are increasingly grim with a
barrage of apocalyptic information about climate impacts now and in the upcoming years, which can

cause feelings of hopelessness and despair (Hulme, 2007; Moser, 2016).

Planners, policymakers, and scholars can find value in the findings of my thesis. First, it is essential to
remember that people can still make a difference themselves and in government, so municipalities must
incorporate green infrastructure into city planning which can help with climate change mitigation and
adaptation (Meerow & Newell, 2016; Sanchez & Reames, 2019; De Lange, 2020; Majekodunmi et al.,
2020; Venter et al., 2020; Lanza & Durand, 2021). It is also critical that the green infrastructure support

all populations within a city (Baré et al., 2019; Xiao et al., 2019; Scott, 2020; Zuniga-Teran et al., 2020).
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In practice, planners and policymakers can use these findings to consider the importance of equitable
participation and engagement with all community members and listen to their lived experiences when
creating green infrastructure policies or plans. The officials can use the findings to develop their own
framework for their city to assess the integration of green infrastructure and equity within their cities.
This framework could be used as a tool to be adapted and used by public servants to evaluate their

current comprehensive city plans and to support future amendments or updates.

In addition, my thesis contributes to research on the 100 Resilient Cities program and evaluates its
strategies by analyzing its equity and green infrastructure considerations in Canadian cities. The 100RC
program was a relatively new initiative. Therefore, it is necessary to analyze its Resilience Strategies to
be improved for potential future amendments or iterations, or to change aspects discovered to be
inadequate for city planning. Manuscript 2 evaluates the four Canadian resilience strategies through a

green infrastructure and equity framework developed through the research from Manuscript 1.

For planning scholarship, this thesis provides value in defining and condensing multiple contemporary
articles on the integration of equity and green infrastructure. Future studies will find value in the
multiple types of equity my research examines and their relationship to green infrastructure
implementation in city planning. Manuscript 1 demonstrates through the systematic literature review
that the contemporary literature about green infrastructure in urban planning lack crucial equity
considerations. My thesis contributes to scholarship by supporting equity considerations in green

infrastructure research and its applications.

Equity is both a process and a goal. It will be important to ensure there is monitoring and evaluation of
equity integrations in comprehensive city plans. Monitoring the plans could include qualitative research,
such as asking residents if they feel their quality of life has improved. Examples could include:
improvements in spatial equity (e.g. residents now have easier access to amenities), or improvements of
recognitional equity (i.e. resources are now available in multiple languages). The evaluation of plans can
determine if equity was met as a goal. This can be done through quantitative research by looking at
metrics such as income wealth disparity or a happiness index. Monitoring and evaluation is important
for plans that integrate equity to ensure that the plans are improving the wellbeing of the communities
in the city, and, if equity is not improving, to determine where and what interventions are needed to

address the gaps in the planning process.
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Appendix B

Questions TransformTO Toronto Vancouver Toronto imagineCalgary Calgary Montréal Montréal Type of Equity
Resilience CCAP Resilience Resilience CCAP Resilience Assessed
Strategy Strategy Strategy Strategy

1. Are specific | 1 1 1 0.5 0.5 1 1 0.5 Recognitional

populations of Equity

interest (e.g.

vulnerable

populations)

identified in  the

strategy?

2. Isthe root cause | O 0 0 0.5 0 1 0 0 Recognitional

vulnerability of Equity; Epistemic

certain Justice

populations explored

or treated? (e.g.

historic or structural

reasons for their

vulnerability)

3. Are benefits of | 0.5 1 1 0.5 0.5 0.5 0.5 0.5 Distributional

green infrastructure Equity

goals/actions

intentionally

directed at

populations of

interests?

4. Is there evidence | 0.5 1 0.5 0.5 0 0.5 0 0 Distributional

that the strategy Equity;  Spatial

attempts to improve Equity

access and spatial

equity for residents

so all populations

can receive benefits

of green

infrastructure by

actions in the

strategy?

5. Are potential | 0 0 0 0 0 0 0 0 Recognitional

negative impacts Equity; Epistemic

from actions Justice

acknowledged in the

strategy?

6. Are multiple types | 0.5 1 0.5 1 0 1 0 0 Recognitional

of equity and Equity;

potential Intersectionality

intersection

between them

addressed in  the

strategy?

7. Is equity defined | 0.5 1 1 0 0 1 0 0 Procedural

in the strategy? Equity;

Transparency

8. Does the plan | 0 1 0.5 0 0 0.5 0 0 Recognitional

address equity Equity

considerations when

applying green

infrastructure?

9. Does the strategy | 0.5 0.5 0 0 0 1 0 0 Procedural

include  vulnerable Equity

populations in the

decision-making

process for green

infrastructure

implementation?

10. Does the | 1 1 0.5 0.5 0 1 0 0 Procedural

strategy describe
what rationale was
used to identify and
recruit stakeholders?

Equity; Epistemic
Justice
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11. Does the
strategy mention
that vulnerable
populations were
encouraged to voice
their concerns about
green
infrastructure?

0.5

0.5

Procedural
Equity; Epistemic
Justice

12. Does the
strategy offer
translation services
or multi-language
materials for
minority or second-
language
communities?

0.5

Recognitional
Equity;
Intersectionality

13. Are there plans
for ongoing
participation in
regard to voicing
concerns with green
infrastructure
implementation, or
is  the strategy
portrayed as
“finished”?

0.5

0.5 0

0.5

Procedural
Equity; Epistemic
Justice

14. Is green
infrastructure and its
benefits defined and
explained in this
strategy?

0.5

0.5

Procedural
Equity;
Transparency

15. Does the
strategy indicate
that it offered
educational
materials or
outreach initiatives
to help residents
learn about green
infrastructure in
their community?

0.5 0.5

0.5

0.5

Procedural
Equity

16. Do any
educational
outreach initiatives
include  vulnerable
neighbourhoods?

0.5

Procedural
Equity;  Spatial
Equity

17. Does the
strategy include a
plan for monitoring
the effectiveness of
implemented green
infrastructure?

0.5

Procedural
Equity; Epistemic
Justice

18. Does the
strategy identify
priority
neighbourhoods for
green infrastructure
implementation?

0.5

0.5

0.5

Procedural
Equity;  Spatial
Equity

19. Does the
strategy identify and
explain how green
infrastructure  can
mitigate climate
risks?

0.5

0.5

Procedural
Equity

20. Does the
strategy identify and
propose actions to
mitigate heat risks
using green
infrastructure?

0.5

0.5

Procedural
Equity
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21. Does the
strategy identify and
propose actions to
mitigate flood risks
using green
infrastructure?

0.5

Procedural
Equity

22. Does the
strategy explain how
green infrastructure
can support disaster
recovery?

0.5

0.5

Procedural
Equity

23.  Are different
levels of the city
addressed for green
infrastructure
implementation
(e.g., microscale,
neighbourhood,
holistic?)

0.5

Distributional
Equity;  Spatial
Equity

24. Is indigenous
knowledge
addressed and
considered for green
infrastructure
implementation
within the strategy?

0.5

0.5

0.5

0.5

Recognitional
Equity;
Intersectionality

25. Does green
infrastructure
implementation
consider
intergenerational
equity?

0.5

0.5

Intergenerational
Equity;
Intersectionality

Total Score:

14

125

5.5

5.5

15.5

6.5
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