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Abstract
Green infrastructure (GI) initiatives, including programs to plant trees and install bioswales, have been adopted by a growing
number of local government and non-governmental organizations. While the details of these programs vary, a common
characteristic of most Canadian and US GI initiatives is a distributed approach that includes both public and private land. To
date, little research has explored residents’ knowledge of GI or their engagement with related initiatives even though
residents’ installation of GI is often key to creating distributed GI networks. In this study, we (1) assess residents’ knowledge
of the term GI, (2) identify residents’ level of engagement with GI initiatives, and (3) examine whether factors like level of
concern about local environmental issues can predict GI knowledge or level of engagement with GI initiatives. We explored
these objectives through a survey of residents in Toronto (Ontario, Canada) and Philadelphia (Pennsylvania, US). We found
that about a quarter of survey respondents in both cities had previously heard the term “green infrastructure”. Neither
knowledge of GI nor level of engagement with GI initiatives could be predicted by the level of concern about local
environmental issues, but residents’ interest in using their outdoor space for nature activities (e.g., gardening) predicted GI
knowledge in both cities and level of initiative engagement in Philadelphia. Our results suggest the need for widespread
education campaigns that clearly define GI so that residents can be participants in policy discussions, link it with their needs,
and identify ways to manage GI to create desired benefits.
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Introduction

There are a growing number of initiatives emphasizing the
use of green infrastructure (GI) to address a variety of

environmental challenges facing urban areas, including
programs led by governments, non-governmental organi-
zations (NGOs), and communities. There is, however,
considerable variation in how GI is defined (Hansen et al.
2021; Mell and Clements 2019), due to the multiple dis-
ciplinary origins of the term (Matsler et al. 2021), which
resulted in definitions that differ in focus and scale (Mell
2016). In Canada, GI is often defined as vegetation or
vegetated spaces that provide multiple ecosystem services
(Conway et al. 2020). In the United States (US), GI is
primarily framed as a solution to stormwater management
that emphasizes on-site storage and infiltration, increas-
ingly referred to as green stormwater infrastructure
(McPhillips and Matsler 2018), albeit with expectations
for environmental, social and economic co-benefits (Spahr
2020). GI can also be understood as a communication
metaphor: a simple term that captures complex relation-
ships between natural processes and human benefits, used
to communicate with non-experts (Escobedo et al. 2019;
Keeley et al. 2013).
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A common characteristic of most Canadian and US GI
initiatives is a decentralized or distributed approach that
combines direct government-led installation of GI with
incentives for private property owners to install GI on their
own or with assistance (Keeley et al. 2013; Lieberherr and
Green 2018). This, in addition to the extent of private land
in most cities, means GI initiatives are often dependent on
engagement by many actors (Heckert and Rosan 2016),
including residents who can install and maintain GI on
their property (Drescher and Sinasac 2021; Lieberherr and
Green 2018; Nguyen et al. 2017). While individual GI
features on residential land (e.g., trees, rain gardens, and
rain barrels) are relatively small, these initiatives rely on
residential adoption across a city, creating a network of GI
(Drescher and Sinasac 2021; Meerow et al. 2020). A cri-
tical challenge for management and research is under-
standing how to develop a distributed system that has
public and private components.

Most research to date has focused on the installation,
function, and governance of GI in public spaces (Byrne
et al. 2015), with limited attention given to the role that
private property and residents play (Mason et al. 2019).
Recent research has highlighted the small-scale GI features
appropriate for residential yards, including trees, rain gar-
dens, and rain barrels (Larson et al. 2015). However, there
is a need for further examination of residents as potential
managers of GI, including their knowledge about the con-
cept and local GI initiatives, to better understand the
potential for widespread adoption of GI and identify barriers
to reaching all residents.

Although knowledge of GI is likely not enough to ensure
that residents will install GI, studies examining pro-
environmental behavior suggest that it is a necessary pre-
condition for such behavior (Kollmuss and Agyeman 2002).
Discerning whether residents are aware of the term, and
how they define it, will help evaluate whether GI is an
effective communication term to encourage installation of
GI on residential property. On the other hand, residents may
have limited knowledge about the term, but still be
knowledgeable about and participate in GI initiatives. For
instance, residents may have participated in tree planting,
but not considered trees as GI. Thus, a better understanding
of residents’ engagement with GI initiatives is also needed
if urban greening professionals want to scale up existing
programs to reach all communities.

Most studies that include residents narrowly focus on
one type of GI (e.g., trees or bioswales) and do not
explicitly investigate residents’ recognition of such fea-
tures as GI (van Vliet and Hammond 2021). The few
studies that have explored residents’ knowledge of the
term indicate limited knowledge or interpretation of GI as
eco-friendly buildings or transportation (DEFRA 2007;
Mason et al. 2019), representing a misalignment between

residents’ understanding and meanings established among
professionals and academics. Lack of public knowledge
and community engagement are also identified by
decision-makers as common barriers to the successful
implementation of GI initiatives (Deely et al. 2020; Dhakal
and Chevalier 2017; Mathews et al. 2015). If residents do
not understand the concept of GI or recognize the benefits
GI can produce, they may be less likely to install and
maintain GI, given the costs associated with those activ-
ities, or to demand or support public policies that support
GI distribution.

We investigate residents’ knowledge of GI and engage-
ment with GI initiatives focused on private residential
property in Toronto (Canada) and Philadelphia (US). The
study objectives are (1) assess knowledge of the term and, if
familiar, determine how residents define it; (2) identify
residents’ engagement level with GI initiatives in each city;
and (3) examine whether the level of concern about local
environmental issues, attitudes toward outdoor space on
their property, gardening knowledge and activity level, or
demographic measures can predict knowledge of GI and
engagement with GI initiatives. We chose Toronto and
Philadelphia as case-study cities because both have been
identified as GI leaders in their country, with government
initiatives to increase GI features on private residential land
(often in conjunction with NGOs), as well as active NGO
and community-led GI initiatives focused on resident edu-
cation and engagement. At the same time, the cities have
different social and economic characteristics.

Knowledge of GI and Related Initiatives

In general, the public’s knowledge of an issue and strategies
to address it are relevant in predicting individual behaviors
(Casaló et al. 2019; Frick et al. 2004), and are also posi-
tively associated with the success of policy implementation
(Anderson 2014; Milfont, 2012). A direct causal relation-
ship between knowledge and behavior, often referred to as
the knowledge-deficit model (Burgess et al. 1998; Petts and
Brooks 2006), has mixed empirical support in studies
examining climate change, recycling, and other environ-
mental issues, such that increasing knowledge of an issue
does not necessarily change-related behavior (Kollmuss and
Agyeman 2002). Instead, knowledge is thought to be one of
several factors (e.g., ability to take action, external incen-
tives) that shape behavior, often indirectly by influencing
attitudes that, in turn, affect behavior (Casaló et al. 2019;
Robelia and Murphy, 2012). Thus, knowledge is recognized
as necessary, but not sufficient on its own to trigger pro-
environmental behavior, while lack of knowledge or inac-
curate knowledge is a barrier to such behavior (Kollmuss
and Agyeman 2002).
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Research examining specific GI features supports the
idea that knowledge is related to attitudes. For example, in
Portland, Oregon (US), low knowledge levels about local
bioswales’ existence and function were associated with less
positive attitudes toward these features (Everett et al.
2018). In Rotterdam (Netherlands), when residents were
provided information about the climate-change adaptation
contribution of specific GI features, they became more
supportive of such installations (Derzken et al. 2017).
Knowledge about rain barrels and other GI features has
also been associated with indicated willingness to install
and actual adoption of these features by residents (Baptiste
et al. 2015; Gao et al. 2016).

Two types of knowledge have been examined in relation
to pro environmental behaviors. The first is objective
knowledge, sometimes referred to as factual knowledge,
which reflects what facts people know (Casaló et al. 2019).
This is frequently assessed by asking people to identify true
and false statements about an issue (Glick et al. 2019; St-
Laurent et al. 2019). The second is subjective knowledge,
which reflects what people perceive they know or self-
assessed knowledge level (Casaló et al. 2019). Although
people tend to report they have greater knowledge levels
than objective knowledge measures indicate, subjective
knowledge about a specific environmental issue is often a
better predictor of behavior related to that issue (Casaló
et al. 2019; Hubbard 2020).

Few studies have examined any aspect of residents’
knowledge of GI (Venkataramanan et al. 2020), instead
examining practitioner and policy-makers’ knowledge.
Among these groups, common findings include a belief that
the public had limited knowledge of GI (Venkataramanan
et al. 2020) and a need for more education to increase public
knowledge (Dhakal and Chevalier 2017). One study that
explicitly explored residents’ knowledge of the term GI in
Tennessee (US) found that 63% of the respondents reported
no knowledge of the concept, although the majority were
interested in learning more (Mason et al. 2019). Greater
knowledge of the concept was associated with older
respondents and those with higher education levels, along
with experience with neighborhood flooding. Derkzen et al.
(2017) found that residents of GI-rich neighborhoods were
more likely to be aware of the stormwater benefits of GI,
while they did not consider sociodemographic influences.

Numerous studies have examined residents’ attitudes
toward problems and solutions associated with GI (Keeley
et al. 2013). In most cases, survey or interview questions
have not included the term GI, but rather used close syno-
nyms (e.g., stormwater Best Management Practices; Dre-
scher and Sinasac 2021) or named specific types of GI (e.g.,
trees or rain gardens; Meerow et al. 2020). This may be
because of the lack of clarity about what GI is (Sussams
et al. 2015) and concern that study participants may not

know the term, or simply reflects an interest in disen-
tangling attitudes associated with specific GI features.

In addition to knowledge of the concept, residents’
knowledge and participation in GI initiatives targeting
residents are needed. If residents are unaware of such
initiatives, then they would not be able to participate, which
could preclude the installation and maintenance of GI on
their property. We are not aware of any previous research
that has considered whether residents have heard about the
range of GI initiatives in their area. However, several stu-
dies have examined who participates in programs providing
specific GI features (Gao et al. 2016; Locke and Grove
2016; Watkins et al. 2016). For tree planting initiatives,
sociodemographic factors such as income and education are
important predictors of program participation (Locke et al.
2015; Locke and Grove 2016; Watkins et al. 2016), while a
study of rain-barrel adoption did not find any association
with sociodemographic measures (e.g., Gao et al. 2016).

Improved understandings of residents’ knowledge of GI
as a concept and engagement with relevant GI initiatives
will provide insight into the effectiveness of the term in
resident directed communication and opportunities to
increase participation in initiatives that support installation
and maintenance of GI. We hypothesize that few residents
will have even basic knowledge of the term, given the
relatively recent (i.e., past 15 years) inclusion of GI in
policy discourse and academic literature (Escobedo et al.
2019; Mason et al. 2019). Furthermore, we anticipate that
knowledge of GI and greater engagement with GI initia-
tives will be associated with higher educational attainment,
greater concern about local climate and biodiversity-related
issues, and residents who want to use their outdoor space
for nature-activity purposes (i.e., tending a garden, watch-
ing wildlife).

Methods

Study Areas

We conducted a residential survey in the cities of Toronto
and Philadelphia to compare knowledge of GI and
engagement with GI initiatives in two cities that are GI
leaders in their respective countries. Toronto is located in
southern Ontario (Canada). The city has a growing popu-
lation, with 2,731,151 residents in 2016, and a population
density of 4334 people/km2 (Statistics Canada 2016). Of the
1.1 million dwelling units across the city, 44% are on-the-
ground single-family homes, the target of this study, as they
are most likely to have outdoor space where GI features can
be installed. The average sales price of single-family homes
in 2019 was 1,251,283 CAD (CMHC 2021). These homes
represent a mix of pre-WWII semi-detached or fully
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detached houses with limited outdoor space and neighbor-
hoods with larger properties containing newer houses.
Toronto has a very diverse population, with 52% identify-
ing as a visible minority (i.e., non-white) and 51% born
outside of Canada (Statistics Canada 2016).

Since 2013, the City of Toronto has explicitly referenced
GI in a variety of policies and initiatives addressing urban
forestry, stormwater management, and street and building
design standards. Across the various city documents, GI is
primarily defined as vegetation that provides a variety of
ecosystem services (City of Toronto 2013), but also
sometimes includes broader definitions that incorporate
non-living stormwater features (e.g., permeable pavement)
and “greening” of gray infrastructure (e.g., bike lanes)
(Conway et al. 2020).

The City of Philadelphia is located in southeastern
Pennsylvania (US). After decades of decline, the city’s
population has increased in recent years, with a 2019
population of 1,584,064 (US Census Bureau 2019a). The
population density (4502 people/km2;) is similar to Tor-
onto. Of the almost 700,000 homes in the city, 65% are
single-family. With an average sales price of 220,800
USD in 2018–2019 (U.S. Department of Housing and
Urban Development 2019), single-family homes are
worth significantly less than Toronto even when
accounting for currency conversion. These houses are a
mixture of pre-WWII rowhouses (i.e., a form of attached
housing with narrow frontage), semi-attached twin houses
with limited outdoor space in the mid-20th century
neighborhoods, and fully detached houses in low-density
neighborhoods. The city’s residents identify nearly
equally as White (41%) and Black (42%) (US Census
Bureau 2019a). Fourteen percent of the population were
born outside of the US and 12% of households speak
Spanish at home, the most common language after Eng-
lish (US Census Bureau 2019b).

In contrast to Toronto, Philadelphia’s GI initiatives are
primarily focused on stormwater management. In 2009,
the Mayor’s Office of Sustainability produced Green-
works Philadelphia, which includes stormwater goals that
forefront GI. That same year the Philadelphia Water
Department (PWD) adopted Green City, Clean Waters as
part of a 2007 EPA consent decree addressing water
quality (Hopkins et al. 2018), with a focus on decreasing
combined sewer overflows through GI. In these plans, GI
includes permeable pavement, rain barrels, rain gardens,
and other living and nonliving features that support on-
site storage and infiltration of stormwater. Finally,
through the 2013 Parkland and Forest Management
Framework, GI is presented as practices and features,
including parks, that contribute to quality of life, with an
emphasis on stormwater management and water quality
(Philadelphia Parks and Recreation 2013).

Survey Design

A mail-based survey focusing on GI knowledge and the
outdoor space on residents’ properties was sent to 2000
residents in both Toronto and Philadelphia (Appendix 1).
Outdoor space was defined in the survey as: “the space
around your home on your property- including your yard,
porch, driveway, decks and patios, and the sidewalk in front
of your house”. The research protocol was approved by the
authors’ university ethics boards.

Potential participants were limited to residents of on-the-
ground homes, which likely have outdoor space where GI
could be located. Residents’ names and addresses were
obtained from a marketing company for Toronto and the
PWD stormwater billing dataset for Philadelphia (City of
Philadelphia 2018). The 2000 residents targeted in each city
were identified through a spatially stratified random sampling
approach, weighted by number of on-the-ground residential
addresses per postal code/zip code. This sampling design was
intended to capture the range of socio-demographic, built, and
environmental conditions across both cities. In Philadelphia,
the survey materials included an option to request a survey in
Spanish. Only one participant requested and completed a
Spanish-language version, suggesting that Spanish language
households may be under-represented.

We sought to examine residents’ self-assessed knowledge of
GI through one set of survey questions focused on whether
they had previously heard the term “green infrastructure” and,
if they had, respondents were asked to identify sources where
they had encountered the term and to provide their definition of
it. To understand engagement with local GI initiatives, the
survey included a list of GI initiatives and related organizations
specific to their city (hereafter referred to as initiatives; Table 1)
and asked respondents to identify if they had heard of and/or
participated in each initiative. The list of initiatives was based
on the authors’ knowledge of local programs in each city and
discussions with local urban greening professionals. We chose
to incorporate multiple initiatives in this study to examine the
breadth of different ways residents can engage with GI-related
initiatives, rather than focus on one type of program. Thus,
each city’s list is varied in terms of the types, specific goals,
and details of the initiatives, but all are opportunities for resi-
dents to learn about, engage with, and/or install GI.

Another set of questions, using a 5-point Likert-based
agreement scale, assessed respondents’ level of concern for
environmental issues that GI is meant to address (i.e., heat,
drought, and flooding impacts, and biodiversity decline;
Table 2). The 14 statements were based on the literature and
municipal GI policies in the US and Canada, stated in
relation to how the issue might impact the resident or their
property. Example statements include “Flooding in my yard
or other outdoor spaces on my property during a storm” and
“Hot summer temperatures that will stress or kill my lawn

Environmental Management (2021) 68:566–579 569
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and other yard vegetation.” The survey also asked about the
level of agreement with 11 statements related to interest in
use of their outdoor space (e.g., eating meals, gardening).
These statements were derived from Clayton (2007) and
Blaine et al. (2012), to capture attitudes related to outdoor
space that may influence knowledge of GI.

We asked respondents to rate their level of knowledge
about gardening and indicate who maintains their outdoor
space to reflect the level of experience with yard work.
Finally, the survey included basic questions about socio-
demographics. For household income, we used five cate-
gories corresponding to each city’s income quintiles based
on the most recently available census data. For racial or
ethnic group(s) identity, we included the most common
groups identified for each city, plus an “other” option.

The survey was disseminated in Toronto between May
and July 2018 and in Philadelphia between September and
October of that same year, using a multicontact approach to
increase response rates (Dillman et al. 2014). All potential
participants were first sent an invitation postcard, alerting
them that they would shortly receive the survey in the mail
with the option to complete it online. A week later, a survey
packet was sent, which included an informed consent letter,
a copy of the survey, and a stamped, addressed envelope to
return the survey. Two weeks later, a reminder postcard was
mailed, followed by a second survey packet in another two
weeks, if needed.

Qualitative Analysis of Green Infrastructure
Definitions

When respondents indicated that they had previously heard
the term GI, they were asked to provide their definition
through an open-ended question. We used a descriptive

coding approach with a priori categories to classify the
definitions provided (Table 3), with multiple codes poten-
tially assigned to respondents’ definitions. The categories
reflect the three broad definitions of GI that appear in the
literature and most commonly in GI policy in the Canada
and US (Conway et al. 2020). Three additional categories
were also used in the coding: vague, for unclear or very
general definitions; other, for definitions that did not fit into
one of the other categories; none, when the respondents
marked that they had previously heard the term but did not
provide a written definition.

Quantitative Analysis of Knowledge with GI and
Engagement with GI Initiatives

We also analyzed the data with the aim of quantitatively
testing relationships between the level of environmental
concern, desired outdoor space use, gardening knowledge,
level of self-maintenance of outdoor space, socio-
demographics, and two response variables: GI Knowledge
and GI Initiatives. GI Knowledge was defined as the self-
assessed knowledge of GI (had heard of GI before or not).
GI Initiatives reflects an index of engagement with the
initiatives associated with each city. For each initiative, a
value of 1 was assigned if the respondent had not heard of
the initiative, a value of 2 was given if they had heard of but
not participated in the initiative, and a value of 3 was
assigned if the respondents had participated in the initiative.
The values for all initiatives were summed to create the
index. To address skewness, we standardized the index by
applying the formula:

X � Xmin

Xmax � Xmin
ð1Þ

Table 2 Survey measures (see
details in Appendix 1)

Name Description Measure

GI Knowledge Self-Assessed prior knowledge of the term GI. Yes/No

GI Initiative Level of engagement with 13 GI initiatives and programs
active at the time of the survey in Toronto and
Philadelphia (see Table 1 for the list of initiatives).

1–3 level of knowledge
and participation

Env Concern Level of concern for environmental issues from a list of 14
environmental and ecological changes occurring in the
next year, including flooding, extreme heat, and
biodiversity reduction.

1–5 level of concern

Gardening
Knowledge

Level of self-assessed knowledge about gardening and
backyard and outdoor space maintenance.

1–5 level of knowledge

Outdoor Use Level of agreement with 11 items describing outdoor
space uses, including active and passive activities, such as
playing or reading, socializing, seeing wildlife, etc.

1–5 level of agreement

Plant Experience planting vegetation in their outdoor space. Yes/No

Self-Maintain Level of self-maintenance in outdoor space, multiple
selection of 4 activities in outdoor space that are self-
maintained.

Yes/No

Environmental Management (2021) 68:566–579 571



where X is the response item (1–3), Xmin is the minimum
value in the range of responses, and Xmax is the maximum
value in the range of responses.

Potential explanatory variables were prepared from the
survey responses in accordance with data preparation pro-
cedures that aim to simplify measures and avoid over pre-
diction (Table 4). This included extracting dimensions from
the multidimensional rating question level of local envir-
onmental concern (Env Concern) and desired uses of out-
door space on their property (Outdoor Use), using principal
component analyses (PCA) with a varimax rotation (Thur-
stone 1947; Kaiser 1974) based on the “princomp” function
in R (v. 4.0.2). We separately analyzed both city datasets,

first using the Toronto dataset to extract the dimensions as it
represented the largest pool of data, and then confirming the
results by doing the same analyses with the Philadelphia
data (see details in Appendix 2). We used the average scores
of the items that loaded onto a factor or component to create
separate-scale dimensions. All these dimensions were used
in the analyses as separate variables. The reliability of each
factor was calculated using Cronbach’s alpha through the
“alpha” function in the “psych” package of R (v. 4.0.2).

Self-assessed gardening knowledge (Garden Knowl-
edge), prior experience planting in one’s outdoor space
(Plant), and an index of involvement in outdoor space
maintenance (Self Maintain) were also examined.

Table 3 Response and possible explanatory variables

Variables Toronto Philadelphia

Observations Mean Standard Error Min Max Observations Mean Standard Error Min Max

Response variables

GI Knowledge 585 0.26 0.02 0 1 135 0.24 0.04 0 1

GI Initiative (standardized index)a 585 0.42 0.00 0.0 0.8 135 0.49 0.01 0.0 0.8

Demographic variables

Homeowners (yes) 550 0.91 0.01 0 1 135 0.86 0.03 0 1

Years in location 585 25.87 0.61 0.5 70 135 22.59 1.29 0.5 72

Age 557 63.76 0.55 21 94 135 57.24 1.18 29 86

Gender (female) 553 0.34 0.02 0 1 127 0.56 0.04 0 1

University degree (yes) 558 0.60 0.02 0 1 102 0.53 0.04 0 1

Born in country (yes) 567 0.54 0.02 0 1 130 0.84 0.03 0 1

Years in country (if not born in country) 567 42.08 0.67 3 86 130 30.38 1.24 10 60

Ethnicity white Caucasian (yes)b 535 0.73 0.02 0 1 133 0.51 0.04 0 1

Income in 4th or 5th quintile (yes)c 481 0.50 0.02 0 1 115 0.46 0.04 0 1

Children in household (yes) 567 0.18 0.02 0 1 130 0.23 0.04 0 1

Scales and componentsd

Env Concern, Component 1—Flooding 585 2.93 0.05 1.0 5.0 135 2.78 0.10 1.0 5.0

Env Concern, Component 2—Heat /
Drought

585 2.31 0.04 1.0 5.0 135 2.44 0.09 1.0 5.0

Env Concern, Component 3—Broad
Environment

585 2.13 0.04 1.0 5.0 135 2.13 0.01 1.0 5.0

Garden Knowledge 575 3.22 0.04 1.0 5.0 126 2.81 0.11 1.0 5.0

Outdoor Use, Component 1—
HomeExtension

585 4.40 0.03 1.0 5.0 135 4.03 0.10 1.0 5.0

Outdoor Use, Component 2—Utilitarian 585 3.82 0.03 1.0 5.0 135 3.42 0.12 1.0 5.0

Outdoor Use, Component 3—Nature 585 3.95 0.10 1.0 5.0 135 3.41 0.11 1.0 5.0

Plant 585 0.16 0.02 0 1 135 0.15 0.03 0 1

Self Maintain (standardized index) 530 0.75 0.01 0.0 1.0 104 0.57 0.03 0.0 1.0

aThe unstandardized averages for this variable, based on the sum of raw scores, were as follows (these are also reported in the text): Toronto: N=
585, Mean= 16.28, SE= 0.15, Max= 32.0, Min= 0.0; Philadelphia: N= 135, Mean= 19.19, SD= 0.480, Max= 32.0, Min= 0.0. For context,
the expected Max and Min for these scores (number of items X maximum/minimum score) were (13 X 3) 392 and (13 X 1) 13, respectively
bRespondents could select more than 1 ethnicity
cFor Toronto respondents, the fourth quintile was 75,000 CAD/year; For Philadelphia respondents, the fourth quintile was 50,000 USD/year
dThese are defined in Table 2. See explanation for data processing in methods, main text. For explanations of the components of Env Concern and
Outdoor Use, see results section
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Demographic variables with categorical and ordinal mea-
sures were collapsed into single numeric binomial 1/0 scales
based on natural breaks in the dataset, as well as the overall
demographic profile of the sample (Table 4).

The datasets from each city were analyzed separately.
First, we performed normality tests (Kolmogorov–Smirnov,
Shapiro–Wilk) to ensure further test adequacy (i.e., para-
metric vs. non parametric tests). We then performed ana-
lysis of proportions (Pearson’s X2 tests) for GI Knowledge
and means analysis (Welch Two-Sample t-test;
Mann–Whitney test) for GI Initiatives to understand dif-
ferences in responses among all the binary demographic
variables. Second, we used standard multiple regressions
(ordinary least squares) to test the associations of interest,
with logistic regressions used for the GI Knowledge binary
response variable. We used the “lm” and “step” functions in
R (v. 4.0.2) in the “backward” mode to undertake a stepwise
regression to test these relationships. The technique allowed
us to improve the models by discarding determinant vari-
ables that did not significantly contribute to the models in an
iterative manner (Hair et al. 2014). All models were
adjusted for demographic variables and none of these
variables were removed during the stepwise regression
process to keep all the models consistent with each other
(Hair et al. 2014).

Results

Survey Response Rate and Overview of Participants

In Toronto, of the 2000 surveys mailed, 91 were not suc-
cessfully delivered, and 585 were returned with most ques-
tions completed. This results in an overall response rate of
31%. The survey sample profile is mostly white (74%), older
(65 mean age), male (62%), well-educated (59% university
degree), and composed of residents who own their home
(91%) (Table 4). Most of the respondents who were born
outside Canada (43%) were not recent immigrants (42
median years in country). The income distribution is skewed

slightly higher than for the city as a whole, with 50% of
Toronto respondents having a household income in the top
two quintiles.

In Philadelphia, 146 surveys out of the 2000 mailed were
not successfully delivered. A total of 134 completed surveys
were returned, resulting in an overall response rate of 7%.
This is lower than we would expect given the dissemination
approach, and well below the Toronto response rate.
However, a similarly disseminated survey of a random
sample of city residents conducted by Temple University in
partnership with the city also had a low response rate (City
of Philadelphia 2017), suggesting that a lower response may
not be unusual for Philadelphia. Furthermore, unfortunate
timing may have lowered the response rate, with public
schools unexpectedly closing for several days due to a heat
wave around the time that our first mailing was sent. Phi-
ladelphia respondents were mostly identified as white
(56%), female (56%), and had a mean age of 57 (Table 4).
There is a mix of educational attainment, with just under
half of respondents holding a bachelor’s degree. Eighty-six
percent were homeowners. Like Toronto, the income dis-
tribution is skewed slightly higher than Philadelphia as a
whole, with 46% in the top two quintiles.

While the survey participants in Toronto and Phila-
delphia are generally more likely to identify as white, be
older and have a higher income than the population of the
two cities as a whole, we are unable to assess if they are
more representative of residents in single-family homes,
as disaggregated demographic data do not exist for this
population.

Dimensions of Environmental Concern and Outdoor
Use

The PCA of both the Env Concern and the Outdoor Use
variables yielded a three-component solution that explained
71.4% and 64.1% of the total variance, respectively (see
details in Appendix 2). The relatively large number of
components in this study suggests that there were separate
views about the level of concerns for issues that GI is meant

Table 4 Classification of GI definitions provided by respondents, by percent of respondents who had previously heard the term

Code Definition Toronto (%) Philadelphia (%)

Living GI Vegetation or green space that provides ecosystem services or benefits to
humans.

71 52

Green Stormwater
Infrastructure

Living or non-living features that are associated with infiltration or storage of
stormwater management.

30 32

‘Green’ Gray Infrastructure Techniques and technologies that address energy efficiency, drinking or waste
water system, and transportation systems.

17 6

Vague 9 16

Other 9 10

No Definition Given 2 30
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to address and respondent’s interest in use of their outdoor
space. Specifically, issues related to flooding, heat or
drought, and broader environmental concerns fall on dif-
ferent components (Table 4). For interest in use of outdoor
space, there are separate components for passive recrea-
tional activities that could also be also carried out inside the
house, such as reading and socializing (i.e., extension of
home), practical activities, such as having a place for pets
(i.e., utilitarian), and nature-related activities, such as for
gardening (i.e., nature activity).

GI Knowledge and Definitions

We found limited basic knowledge of GI in both cities, with
only 26% of Toronto survey respondents and 27% in Phi-
ladelphia indicating that they had heard the term before.
Online or print media sources were the most common ways
to encounter the term in both cities (Table 5). Governmental
and environmental organizations, the groups typically
leading GI initiatives, are the next most common sources,
while few participants had heard the term through informal
social channels (e.g., friends).

In Toronto, 71% of the respondents who had previously
heard the term defined GI in a way that was coded as a
living GI definition (Table 3). Far-fewer respondents pro-
vided a definition aligned with stormwater or “greening”
gray infrastructure conceptualizations, although some defi-
nitions were coded as both living GI and stormwater GI. A
living GI definition was provided by a slight majority of
Philadelphia respondents (52%), followed by definitions
coded as stormwater GI (32%). In Philadelphia, definitions
were more likely to be coded as both living GI and
stormwater GI than in Toronto, while far fewer Philadelphia
respondents described “greening” gray infrastructure. In
both cities, all vague definitions referred to the environment
or sustainability in nonspecific ways. For example, one
respondent wrote “good for the environment” and another
wrote “infrastructure with sustainability as a priority”. In
Philadelphia, a much a larger percentage of respondents

who indicated they had previously heard the term did not
provide a definition (30%).

Based on our regression analysis, no sociodemographic
variables could predict GI Knowledge in Toronto. In con-
trast, we determined that university degree was a strong
(coefficient > 0.5) predictor of GI Knowledge in Philadel-
phia, but this was the only sociodemographic predictor in
that city (Table 6). The level of concern people had for
environmental issues could not predict GI Knowledge in
either city (Table 7). However, the nature activity dimen-
sion of outdoor use (Table 7) and experience planting
vegetation were important predictors of GI Knowledge in
Toronto, but only the nature activity dimension of outdoor
use was a predictor in Philadelphia, controlling for demo-
graphic variables (basic proportional and mean patterns are
included in Appendix 3).

Engagement with GI Initiatives

The mean value for the unstandardized GI Initiatives index
was 16.28 ± 0.15 in Toronto, and 19.19 ± 0.48 in Philadel-
phia, out of an empirical maximum possible score of 39.
The relatively low values reflect the fact that respondents
had not participated or even heard of most initiatives (Table
1). Overall, Toronto had fewer respondents who had heard
of the individual initiatives as compared with Philadelphia,
although both survey groups have very low levels of par-
ticipation for the majority of initiatives.

In addition, based on our regression analyses, we deter-
mined that university degree, born in country (Canada), and
having been in the country for more than 20 years if not
born in country (>20 years in country) were weak (coeffi-
cient < 0.5) but significant predictors of GI Initiatives in
Toronto (Table 6), but only the last two variables (i.e., born
in country and >20 years in country) were predictors in
Philadelphia (Table 6). Like GI Knowledge, the level of
concern people had for environmental issues could not
predict GI Initiatives (Table 8). Meanwhile, experience-
planting vegetation and gardening knowledge were weak
(coefficient < 0.5) but significant predictors of GI Initiatives
in Toronto (Table 8). Similarly, experience planting vege-
tation was a weak (coefficient < 0.5) but significant pre-
dictor of GI Initiatives in Philadelphia, as was the nature
activity dimension of outdoor use, controlling for demo-
graphic variables (Table 8) (basic proportional and mean
patterns are included in Appendix 3).

Discussion

Most survey participants in Toronto and Philadelphia had
neither previously heard of GI nor the majority of the
initiatives in their respective city. These findings align with

Table 5 Where respondents have encountered the term ‘green
infrastructure’, as a percent of participants who had previously
heard the term

Toronto (%) Philadelphia (%)

Online or print media 71 64

An environmental organization 37 48

City or other government source(s) 43 36

Television or radio 50 27

Friends, family 17 24

Neighbors 4 12

Other 15 3
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other studies that suggest residents have little to no
knowledge about the concept and lack awareness about the
initiatives focused on GI in public spaces (Everett et al.
2018; Mason et al. 2019). The similarly low GI knowledge-
level between the two cities was somewhat surprising, given
the different population characteristics and that the City of
Philadelphia and its partner organizations have a longer
history of using the term, and use a more consistent
stormwater-focused definition.

The definitions provided by the respondents in Toronto
reflect the variety of definitions that have been adopted
across city policies, with a living GI definition most com-
monly appearing in policy discourse, but green stormwater
infrastructure and “greening” gray infrastructure definitions
also present in Toronto policy and programming (Conway
et al. 2020). In Philadelphia, the varied definitions provided
by survey respondents are at odds with the city and NGO
partners’ primary focus on green stormwater infrastructure,
suggesting a communication gap. Moreover, the fact that a
high percentage of respondents said they had previously
heard the term but did not provide a definition or gave a
vague definition, suggests a rather low working knowledge
of the term among residents.

These findings indicate that GI is not an effective com-
munication term for use with residents in these cities, in part
due to its varied usage (Parker and Baro 2019; Sussams
et al. 2015). Matsler et al. (2021) document the three dif-
ferent understandings of GI in their review of the academic
and gray literatures: greenspace planning, urban ecology,
and water/stormwater management. The first two categories
capture ideas aligned with our living green infrastructure
category, while their third is parallel to our green storm-
water infrastructure definition. Interestingly, our “greening”
gray infrastructure definition was not captured in their
review, suggesting a further area of disconnect between
some respondents and discourse among experts.

It is unclear if low knowledge levels reflect the absence
of the term in communications directed toward residents,
residents overlooking the term when they encounter it, or

ignoring or not receiving the communications more gen-
erally. In any case, the prevalence of the term within urban
environmental policy discourse raises concerns that most
residents do not have the basic knowledge needed to con-
tribute to such discussions or advocate for GI programs.
Thus, not only does the term GI fall short of its potential to
provide a forum for citizen engagement (Green et al. 2012),
but over-reliance on the GI term as professional jargon
creates a barrier to residents looking to shape policy
addressing stormwater, climate change, and other local
environmental issues. Increasing residents’ knowledge of
the concept is particularly challenging because of the many
definitions in use by researchers and practitioners, and there
is minimal interest in advancing a universally applied
definition (Matsler et al. 2021). Thus, explicit communica-
tion about the definition and goals of GI being used in
specific policy discussions or initiatives is needed to avoid
excluding residents or facilitating misunderstandings
(Matsler et al. 2021; da Silva and Wheeler 2017).

The low knowledge level of GI is not a concern in and of
itself if residents are engaged with GI initiatives. However,
our survey found that many respondents had never even
heard of the initiatives. Given that greater knowledge of GI
features is associated with more positive attitudes and
associated actions (Baptiste et al. 2015; Derkzen et al.
2017; Everett et al. 2018), low levels of engagement with
GI programs suggest that municipal governments and
NGOs are missing opportunities to provide information
about GI, including highlighting the ways GI can meet
residents’ needs, which may positively influence attitudes
and associated behavior. Toronto and Philadelphia will
struggle to meet the full potential of a city-wide network of
GI without additional community-informed outreach and
education campaigns.

In our study, self-assessed gardening knowledge and the
desire to have private outdoor space for nature activities,
such as watching wildlife and growing food, were related to
knowledge of GI and engagement with GI initiatives. This
suggests that residents may be receptive to initiatives that

Table 6 Association between all
demographic variables and
response variables (GI
Knowledge and GI Initiative)
using survey data collected in
Toronto and Philadelphia

Variable Toronto Philadelphia

Coefficient (Standard Error) Coefficient (Standard Error)

GI knowledgea GI initiative GI knowledgea GI initiative

University degree 0.22 (0.22) 0.016 (0.008)* 1.33 (0.54)* 0.025 (0.026)

Born in country 0.51 (0.39) 0.047 (0.015)** 0.44 (1.18) 0.23 (0.05)***

>20 years in country 0.15 (0.39) 0.030 (0.014)* 0.59 (1.39) 0.19 (0.06)**

Model adjusted for homeowners, years in location, age, gender, white ethnicity, income in or above fourth
quintile (75 K CAD in Toronto; 50 K USD in Philadelphia), and children in household (see Table 4); only
unstandardized comparable regression coefficients included

*p < 0.05, **p < 0.01, ***p < 0.001
aBinomial (logit) model
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support existing interests and activities. Based on Mason
et al. (2019), we anticipated that residents who expressed
greater concern for environmental issues would be more
familiar with GI or more engaged with GI initiatives, but
this was not the case, indicating that GI may not be
recognized as a solution to concerns about localized
flooding, heat, and drought, or that residents may not view
GI initiatives as providing property-level solutions that
address their concerns.

Previous research has highlighted that residents may
not understand their role in implementing stormwater GI,
in particular, viewing it as a municipal responsibility
(Keeley et al. 2013). Residents are, however, more
motivated to install specific GI features when there is a
recognized individual benefit (Brown et al. 2016; Gao
et al. 2016). These findings suggest that outreach efforts
should link environmental issues impacting specific resi-
dents and their properties or neighborhoods with GI
initiatives that can provide solutions as a way to reach
additional residents who are not interested in gardening. A
survey in coastal South Carolina that began with a short
video about the benefits of green stormwater infrastructure
found that most residents expressed an interest in instal-
ling GI (Ureta et al. 2021), suggesting that targeted
knowledge about GI benefits can support increased resi-
dential installations.

As expected, we found that university education was a
predictor of GI Knowledge (in Toronto) and GI Initiatives
(in Philadelphia), and residents who identify as white, were
older, had obtained a higher-level of education and had a
higher household income were associated with being
familiar with GI and more engaged with initiatives. Few
studies have previously examined GI knowledge in relation
to individual demographics (Venkatarmanan et al. 2020),
although Mason et al. (2019) also found a positive asso-
ciation between education and familiarity with GI. Other
studies examining urban greening have found that racial/
ethno-cultural identity, income and education are correlated
with participation in tree-planting programs (Locke et al.
2015; Locke and Grove 2016; Watkins et al. 2016). These
findings are similar to our results, particularly in Toronto,
suggesting that there is a need for both wide-spread
knowledge sharing about GI and related initiatives, but
also efforts to ensure information and supports are reaching
diverse communities.

Being born in the country, in this case Canada or the
US, was a stronger predictor in both cities of GI Knowl-
edge and GI Initiative. These findings may reflect lan-
guage barriers, cultural preferences, or challenges
accessing initiatives and information. Participants who
have been in the country for more than 20 years were
more similar in knowledge and engagement-level to those
born in Canada/US, possibly reflecting increasing accessTa
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to information and initiatives over time, or differences
between recent and older immigrants’ language, ethno-
cultural identities, immigration pathways, and cultural
barriers that influence access to GI opportunities. While
we did not assess the interaction between demographic
identities (e.g., combined effect of being born in country
and ethnicity), this is an important avenue for future
investigation to untangle the role of demographics in GI
knowledge and engagement.

This study is unique with the comparison of residents’
knowledge and engagement with GI between two cities in
different countries. Toronto and Philadelphia are located in
countries with many broad social and political similarities,
as well as have similar population density, prevalence of
single-family neighborhoods, and recognition as GI leaders
in their countries. At the same time, they differ in terms of
housing costs, local histories, and governmental definitions
of GI. Yet, the results were very similar between the cities,
suggesting that low levels of GI knowledge exist in dif-
ferent contexts even when the city is relatively focused on
GI. Additionally, some initiatives we included in the GI
Initiative index are very similar (e.g., tree-planting pro-
grams in both cities), while others are quite different (e.g.,
the Philadelphia Flower Show, a major regional horti-
cultural event; Toronto’s Evergreen Brick Works, a large-
scale community environmental center and demonstration
hub for adaptive flood design), yet we also found com-
parably low levels of engagement. Collectively, these
findings point to broader challenges of incorporating resi-
dents and their properties into city-wide efforts to create an
equitably distributed network of GI.

While our results indicate limited knowledge of GI and
engagement with GI initiatives among the survey
respondents, these responses may not be representative of
the cities. This is a particular concern for Philadelphia,
with the very low response rate that may reflect a
response bias. While we purposefully chose to examine
knowledge of GI, the low knowledge-levels we document
may not translate into limited knowledge about specific

GI features and their potential benefits. Rather, we focus
on the term to better understand whether it is effectively
serving as a communication term with residents.

Conclusions

GI is prevalent in urban environmental discourse among
policymakers and practitioners, yet few residents in the
case-study cities are familiar with the term, and those that
are familiar have varied understanding of its meaning.
This is a significant challenge because residents are key
GI actors, with GI on numerous private properties needed
for successful creation of city-wide GI networks. The low
knowledge level suggests that most residents do not have
the basic knowledge needed to install and maintain GI
explicitly with the purpose of supporting their city’s GI
goals nor participate in policy discussions. Moreover, our
results highlight that residents are not aware of GI
initiatives, and there is no relationship between the level
of concerns for local environmental issues like heat
waves or flooding and engagement with the GI initiatives
intended to provide solutions to those concerns. The
limited knowledge of GI and engagement with varied GI
initiatives highlights the need for widespread-commu-
nity-informed, -driven and -led education campaigns that
clearly define GI, so residents can be participants in
policy discussions, link it with their own concerns, and
have the information needed to identify ways to manage
GI to create benefits for themselves and their community.

Acknowledgements Funding was provided by a grant from the Social
Sciences and Humanities Research Council (SSHRC) of Canada. The
Pennsylvania Horticulture Society provided administrative support for
the Philadelphia survey. Thank you to Janet McKay, Glen Abrams,
Zachary Popkin, Erica Smith, Jeanne Waldowski, and Tiffany
Ledesma for providing feedback on earlier versions of the survey. The
findings and conclusions in this publication are those of the authors
and should not be construed to represent any official USDA or US
Government determination or policy.

Table 8 Results of multilinear regression model for associations between selected survey variables and GI Initiative for Toronto and Philadelphia

Variable Toronto Philadelphia

Coefficient
(Standard Error)

95% Confidence Interval of
coefficient

Coefficient
(Standard Error)

95% Confidence Interval of
coefficient

Outdoor Use,
Component 3 – Nature

0.005 (0.005) [−0.004, 0.014] 0.029 (0.011)** [0.007, 0.051]

Garden Knowledge 0.010 (0.004)** [0.003, 0.017] 0.002 (0.10) [−0.019, 0.022]

Plant 0.037 (0.009)*** [0.015, 0.052] 0.082 (0.031)** [0.021, 0.14]

Model adjusted for homeowners, years in location, age, gender, university degree, born in country, years in country, white ethnicity, income in or
above fourth quintile (75 K CAD in Toronto; 50 K USD in Philadelphia), and children in household (see Table 2); only unstandardized comparable
regression coefficients included

*p < 0.05, **p < 0.01, ***p < 0.001
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