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Abstract

This paper explores the relationship between urban design and household recycling practices in Canadian cities. A
growing body of research links urban design with residents’ transportation behaviour, such as rates of driving and use
of public transportation. However, the effect of urban design on other forms of environmentally sustainable beha-
viour has not been as widely explored. Recycling is an important aspect of sustainability and the recycling activities of
urban residents require further attention. We examine the relationship between urban design and recycling practices
at the census metropolitan area (CMA) level in Canada using aggregated data merged from three secondary sources:
the 2005-2006 Household and the Environment Survey conducted by Statistics Canada; the 2006 Census; and
Gordon and Shirokoff’s (2014) classification of Canada’s urban neighbourhoods. The results demonstrate that there
is a significant relationship between urban development patterns and household recycling practices at the CMA-le-
vel, when controlling for demographic factors. We conclude that urban design is related to residents’ sustainability
behaviours in multiple, complex ways.

Keywords: sustainability, recycling, urban sociology, Canada

Résumé

Cet article explore la relation entre la conception des villes et les pratiques de recyclage des ménages dans les villes ca-
nadiennes. Un nombre croissant de recherches a lié la conception des villes au comportement des résidents en matiére
de transport, comme les taux de conduite et l'utilisation des transports en commun. Cependant, leffet de la concep-
tion des villes sur d’autres formes de comportement écologiquement durable n'a pas été aussi largement exploré. Le
recyclage est un aspect important de la durabilité et les activités de recyclage des résidents urbains nécessitent une
plus grande attention. Nous examinons la relation entre la conception des villes et les pratiques de recyclage au niveau
des régions métropolitaines de recensement (RMR) au Canada a l'aide de données agrégées fusionnées a partir de
trois sources secondaires : 'Enquéte sur les ménages et I'environnement de 2005-2006 menée par Statistique Cana-
da; le recensement de 2006; et la classification de Gordon et Shirokoft (2014) des quartiers urbains du Canada. Les
résultats démontrent qu'il existe une relation significative entre les modéles de développement urbain et les pratiques
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de recyclage des ménages au niveau des RMR, lorsque 'on tient compte des facteurs démographiques. Nous conclu-
ons que la conception urbaine est liée aux comportements de durabilité des résidents de multiples facons complexes.

Mots-clés : durabilité, recyclage, sociologie urbaine, Canada.

Introduction

Urban dwellers account for just over half the world’s population, yet they are responsible for over 70% of fossil fuel
related carbon emissions (WWEF 2012, 58). As the world continues to urbanize—two-thirds of the world’s popu-
lation is predicted to be urban by the year 2050 (UN 2014)—urban planners and policy makers need to think of a
variety of ways to reduce the ecological footprints of cities. One important aspect of this project is promoting more
environmentally sustainable behaviours among urban residents.

Sustainable consumption can be defined as behaviours that aim to reduce one’s ecological footprint, inclu-
ding activities such as purchasing environmentally friendly products and consciously trying to minimize material
consumption (Niemi and Hubacek 2007). There is evidence to suggest that the type of neighbourhood you live in can
influence certain types of sustainable consumption practices, especially in terms of transportation. For example, it has
been widely established that sprawling, low-density development patterns—generally referred to as urban sprawl or
suburbanization—have led to increasing rates of automobile usage due to the greater distances between destinations
and lack of public transportation (Ewing 1997; Frank and Kavage 2008; Kennedy, Krogman, and Krahn 2013; Ewing
and Hamidi 2015; Moos et al. 2015). In terms of the environmental impact, this leads to greater energy consumption
and a reduction in air quality (Ewing 1997; Frank and Kavage 2008; Ewing and Hamidi 2015).

Critics of urban sprawl have instead promoted the development of more compact, walkable communities which
offer a wider range of sustainable transportation options, as well as opportunities for residents to interact and engage
with their communities (Jacobs 1961; Ewing 1997; Leyden 2003; Bay and Lehmann 2017). However, there has
been less focus on the relationship between neighbourhood residence and forms of sustainable practices other than
transportation. The aim of this study is to further investigate this topic by examining the relationship between the
different types of residential neighbourhoods that make up a city and recycling practices across Canadian cities.

Using data aggregated and merged at the census metropolitan area (CMA) level, we pose the following research
questions:

1. To what extent is the design of a city (measured by the composition of types of neighborhoods) related
to the accessibility and usage of recycling programs at the CMA-level?

2. How does the varying demographic composition of cities affect the relationship between neighbou-
rhood composition and accessibility and usage of recycling programs?

Literature review

(Sub)Urbanization in Canada
Canadian urbanization has been predominantly characterized by urban sprawl and suburbanization. It has been
estimated that over 80% of Canada’s metropolitan population lives in suburban areas, or two-thirds of the country’s
total population (Gordon and Janzen 2013; Gordon and Shirokoft 2014). There are several reasons for the rise and
continuing popularity of suburban developments. The emergence of the automobile and its mass production “created
new options for urban spatial growth and ultimately supported the need for high-speed urban freeways... perhaps
the most important consequence was the suburbanization of residence... and eventually even the suburbanization of
industry” (Hiller 2014, 29, italics original). As it became easier to travel farther distances, people were able to live far
from their places of work and shopping, and modern communications made clustering of businesses unnecessary
(Gordon and Richardson 1997). Gordon and Richardson (1997) therefore argued that sprawl was a reflection of
market forces and consumer preferences.

A growing body of evidence has linked urban sprawl to a variety of negative outcomes, not only related to
sustainable consumption practices, but also physical health, strength of social ties, civic and political participation.

Frank and Kavage (2013, 214) argued that “Sprawl, now the dominant development paradigm, may actually be
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undermining our health in a number of ways—decreased physical activity levels, and less access to healthy food
associated with increases in obesity; increased rates of asthma and other respiratory illnesses from ozone; higher rates
of traffic-related injuries; and to say nothing of the stress of long commutes”.

Urban sprawl has also been argued to weaken social ties. Robert Putnam (2000), pointed to suburbanization
as one of the major causes for the decline in social capital (social networks and interactions that inspire trust and
reciprocity among citizens) in the US. According to John Helliwell (2002), social capital has also been declining in
Canada. Jane Jacobs (1961) asserted that compact developments provide better walkability and therefore increase the
likeliness of social interaction and civic activity. Although some studies who have refuted these claims (Brueckner
and Largey 2008; Glaeser and Gottlieb 2006), others have provided evidence to suggest that there is indeed a link
between neighbourhood design and social capital/civic participation (Freeman 2001; Leyden 2003; Nguyen 2010).

Hopkins and Williamson (2012) found that certain design aspects common in suburban neighbourhoods are
powerful predictors of reduced political activity. Other researchers have also drawn attention to the importance
of neighbourhoods in voting behavior and political preferences (Gainsborough 2001; Walks 2005a; Walks 2005b;
Williamson 2008). Despite the growing criticisms directed towards urban sprawl, cities in Canada and the US have
continued to develop in this fashion. “The 2006-2011 findings show that the population of Canadian auto-de-
pendent communities are growing much faster than the national growth rate, which is significant to note when
implementing policies guiding public health, transportation, political decisions, and community design” (Gordon
and Shirokoff 2014, 2).

Sustainable consumption and neighbourhood design

'There is much research to show that the physical design of suburban neighbourhoods leads to higher rates of driving,
which not only leads to increased energy consumption and emissions, but also a variety of negative social outco-
mes (Frank and Kavage 2013). There is also evidence to suggest that neighbourhoods can influence other forms
of sustainable consumption practices as well. According to Kennedy, Krogman, and Krahn (2013), neighbourhood
of residence is linked to environmental attitudes—which are both powerful predictors of sustainable consumption
practices. In their study, in which they compared a central and suburban neighbourhood, they found that households
labelled as sustainable consumers—consumers who purchase environmentally friendly products and consciously try to
keep their consumption of material goods to a minimum (Niemi and Hubacek 2007, 4)—were more heavily clustered
in the central neighbourhood (Kennedy, Krogman, and Krahn 2013, 375). In contrast, mainstream consumers—people
who show no interest in reducing their material consumption and seldom if ever purchase green products (Niemi
and Hubacek 2007, 4)—were more than twice as heavily concentrated in the suburban neighbourhood (Kennedy,
Krogman, and Krahn 2013, 375).

By contrast, most of the research on urban waste management concludes that residents of multi-family dwel-
lings—which tend to be concentrated in central neighbourhoods—recycle less than residents of single-family homes,
which tend to be concentrated in suburban neighbourhoods. Evidence from several countries, including Sweden,
Korea, and the UK, demonstrates higher levels of recycling among residents of single-family homes than multi-fa-
mily dwellings (Abbott et al. 2011; Lee and Paik 2010; Fallde 2015). Most researchers blame the reduced levels
of recycling among residents of multi-family dwellings on a lack of adequate interior space for sorting recyclable
materials, as well as the increased distance to recycling bins, or in other words, a lack of convenience (Ando and
Gosselin 2005). By comparison, single-family homes are often much more spacious and have access to curbside
recycling services.

In Canada, both convenience and visibility appear to be key to encouraging residents in multi-family residences
to recycle more. An experiment conducted in Vancouver found that convenience greatly increased recycling and com-
posting in high density buildings. Having recycling and composting containers on every floor in a high-rise building
(rather than just on the ground floor) greatly increased residents’ rates of recycling and composting (DiGiacomo et
al. 2018). Another experiment conducted in Toronto illustrated that while convenience (having recycling chutes on
each floor) was important, visibility (having recycling bins positioned prominently in the building lobby) was what
really lead to increased rates of recycling in high density buildings.

Based on past findings, therefore, we expect to find that Canadian cities with a higher proportion of people
living in central neighbourhoods will have lower rates of access to, and usage of, recycling programs. We also expect
to find that cities with a higher proportion of people living in car-dependent, suburban neighbourhoods will have
higher rates of recycling.
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Individual-level demographic factors associated with sustainable consumption practices

Research on the individual-level determinants of recycling behaviour indicates that both intrinsic and extrinsic
incentives contribute to recycling habits and patterns. Extrinsic incentives include things like monetary incentives,
laws and regulations, and social pressure. Intrinsic incentives include attitudes, knowledge, and motivation.

Several individual factors have been found to be associated with sustainable consumption practices, including
age, income and education. In Korea, both income and age were found to be positively related to recycling (Lee and
Paik 2010). In Canada, by contrast, income was found to be negatively associated with several types of recycling.
The conclusion being that, “as income increases, the value of time tends to increase, making recycling more costly”
(Ferrara and Missios 2005, 231).

According to Kennedy et al. (2013, 373), sustainable consumers have slightly more years of education than other
types of consumers, on average. They also found that mainstream consumers are typically younger than Jow-/evel
consumers—people who live relatively simple lifestyles in terms of material consumption (Kennedy et al. 2013, 373).
Additionally, they found that material greens—people who often buy green products, but who still continue to live
relatively materialistic lives (Niemi and Hubacek 2007, 4)—are more likely to be born outside of Canada than
low-level consumers (Kennedy et al. 2013, 373).

In order to measure and account for these individual-level factors that may affect rates of recycling, we gathered
relevant aggregate demographic information for each CMA and controlled for these variables at the CMA level in
our regression model.
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Location of CMAs in Canada
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Data and methods

To examine the relationship between neighborhood composition and recycling practices in Canadian cities, we
aggregated and merged data from three secondary sources at the CMA-level. These data are described in the next
three sections. For readers not familiar with Canada, we include a map which indicates the location of all of the

CMAs (Figure 1).

Recycling variables

'The Households and the Environment Survey (HES) is a national household survey conducted by Statistics Canada
which gathers information on the practices and behaviours of Canadian households that relate to the environment.
This study provided the two dependent variables for this study: access fo recycling programs and usage of recycling pro-
grams. The 2005-2006 survey was the third of its kind, and the survey has been administered five additional times
since (2007, 2009, 2011, 2013, and 2015). We utilized data from the 2005-2006 cycle because it includes the most
detailed information related to household recycling practices.

'The target population for the HES consists of households in Canada excluding households in which no member
is 18 years old or more. Also excluded are households located in the Yukon, Northwest Territories and Nunavut,
households located on First Nations, military bases, and households consisting entirely of full-time members of the
Canadian Armed Forces. The survey was conducted through telephone interviews. The initial sample size consisted
of 36,431 households with a response rate of 77.8%, yielding an eftective sample of 28,334. We aggregated the res-
ponses to the recycling variables to the CMA-level and removed all respondents living in non-CMAs. This reduced
the sample size to 15,362.

In the HES, there were four questions which asked if the respondent has access to different types of recycling
programs (paper, plastic, metal cans, and glass), as well as four follow-up questions which asked whether they used
each respective program. For example, the survey would ask the respondent if they have access to a recycling program
for plastics. Their response categories included “yes”, “no”, “don’t know”, and “refusal”. The follow-up questions then
asked if they use this specific program with the same response categories. To operationalize these survey responses,
we re-coded them into binary variables for each response (where 1=yes, O=else) and then aggregated them to the
CMA-level so that the value would measure the proportion of respondents who answered “yes” to the question in
each CMA.

In order to see the overall effects of CMA composition on recycling access and usage, we combined each set of
variables to form two new dependent variables, average levels of access to recycling programs and average levels of use of
recycling programs, for our analysis. These variables thus measure the average access to recycling programs (including
paper, plastic, metal cans and glass) at the city level, and average usage of recycling programs (including paper, plastic,
metal cans and glass), respectively. We concluded this method was appropriate since these materials tend to be
recycled together with the same type of collection service; meaning that decisions about recycling different materials
are positively correlated (Ferrara and Missios 2012, 718).

As shown in Table 1 (next page), average access to recycling programs and average usage of recycling programs
are highly correlated. Interestingly, average rates of access and use vary considerably across Canadian CMAs, with
a range of 0.64 to 0.97, and 0.55 to 0.95 respectively. CMAs from Ontario and British Columbia appear to show
higher rates of both access and usage. A few CMAs are also noticeable for their relatively large gap between access
and usage, such as Saguenay, QB and Thunder Bay, ON.

Neighbourhood composition variables

The first set of independent variables were derived from a study conducted by Gordon and Shirokoff (2014). This
study was an update to an earlier study by Gordon and Janzen (2013), in which they tested 12 different models to
define and measure different types of inner-city and suburban neighborhoods in Canadian CMAs. Using a com-
bination of population density and journey to work data in their model, they came up with four classifications for
neighbourhoods within Canadian CMAs: active cores, transit suburbs, auto suburbs, and exurbs (Gordon and Janzen
2013; Gordon and Shirokoft 2014), and calculated the number of residents living in each type of neighbourhood, by
CMA.
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Table 1
Mean access and usage of recycling programs, Canadian CMAs (N = 28)
City %o Access 1o s Gap o'}
Bean (#5%: CT) Mean (95% CT) (A-1D
Eing=ton O T (D00 05 (93-097) 2 416
Victoria, BC 0 (B5-08 03 (03-04) 1 576
5t Catharines-hiagara O] 8 (40T 04 (02-04) 2 He
Oichemam, O 95 (40T 03 (91-05) 2 408
Hamilten, O 85 (B3-8T) 03 (91-85) 2 400
Sudbnry, O 95 (9307 01 (B8-03) 4 5
Eitchenar - Waterloo, 0N 04 (0204 02 (20-04 2 E1e] |
Ortawa, O 04 (0204 o0 (B8-03) 4 404
Toronta, O 93 (2o 01 (D0-03) 2 1358
Lomdon, O 93 (9105 20 (87-01) 4 543
Vancoomver, BC &2 (01-83) 20 (8801 3 1144
Winnipez, MB 21 (20-03) 82 (T0-E4) a 703
Halifaw M5 21 (28-03) E7 (B4-299 4 580
Abbossford, BC 0 (28-03) E7 (34000 3 380
Sherbrpoke OB &0 (B8-83) 36 (83-58) 4 525
Gadnem, QB 20 (28-03) &4 (B1-8T) 4 4465
Windsor, O &0 (B8-93) 85 (82-38) 5 427
Monmreal QB &7 (8500 21 (7854 4 54
Thumder Bay, O8] 86 (83-849) T4 (70-TT) 12 426
Saguenay, OB 85 (22-88) 71 (67-75) 14 438
Trois-Fivieres, QB B4 (2187 75 (71-T8) a 483
Edmonton AR 83 (8185 T8 (7580 3 748
Begina SE 83 (30-25) 72 (G0-T75) 11 555
Sackatoon SE TT{75-80) 62 (63-T1) a i
Cuebec, QB TT{73-00) 9 (63-73) 2 4287
Calzary, AB T5{73-T8) 65 (62-68) 10 T36
Saimt John, NB T2{68-75) 50 (56-64) 12 278
5t John's, ML 64 (61-68) 55 (51-38) a 433
AVERAGE B (28-89) 22 (B2-83) 4 153462

Serree(z): 20046 Households and the Emdironment Sumvey {St@tistics Canada 20070}

Active core neighbourhoods are defined as census tracts that have levels of active transportation (walk/cycle)
greater than 150% of the overall average for the CMA and greater than 50% of the national average (Gordon and
Shirokoff 2014, 11). These neighbourhoods are generally in central areas and the downtowns of cities; however, they
have also begun to form in secondary centres in some larger cities and metropolitan areas.

Transit suburbs are neighbourhoods where a higher proportion of people commute by transit. More specifically,
they have transit use greater than 150% of the metro average for journey to work, active transit less than 150% of the
metro average, and transit use greater than 50% of the national average (Gordon and Shirokoft 2014, 10).

Auto suburbs have a gross population density that is greater than 150 people per square kilometre, transit use less than
150% of the metro average, and active transit use less than 150% of the metro average. Almost all residents commute
by automobile in these classic suburban neighborhoods (Gordon and Shirokoft 2014, 10).

Exurbs are rural areas on the edges of CMAs that have a gross population density less than 150 people per

square kilometre, where more than 50% of workers commute into the metropolitan area (Gordon and Shirokoff
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Figure 2
Percent of the population living in each type of neighbourhood

2014,10). According to these findings, in 2006, 87% of Canada’s total metropolitan residents lived in transit suburbs,
auto suburbs or exurban areas, while only 12% lived in active core neighbourhoods (2014, 1).

Using the classifications and data provided in their study (Gordon and Shirokoft 2014, 23), we calculated the
proportion of residents in each neighborhood classification for each CMA to create neighbourhood composition
variables to utilize in our own study. These variables measure, at the CMA-level, the percent of the population living
in each type of neighborhood: active core, transit suburb, auto suburb, and exurd. This information is illustrated in
Figure 2.

'The dataset provided by Gordon and Shirokoff (2014) contained information for 33 Canadian CMAs. Howe-
ver, the HES did not include respondents from Moncton, Brantford, Peterborough, Barrie, Guelph, and Kelowna in
their sample, therefore these cities were left out of our analysis. In addition, Gordon and Shirokoff (2014) classified
the CMA of Ottawa-Gatineau as a single CMA while the HES categorized them as separate CMAs. Thus, we
applied the same values for the neighbourhood composition variables to both Gatineau and Ottawa for this study,
while assigning the demographic variables based on provincial boundaries. This left us with a sample of 28 CMAs.

Figure 2 displays the proportions of neighbourhood types by CMA. Although there seems to be quite a bit
of variation, auto suburbs are the predominant neighbourhood type across all Canadian CMAs. Interestingly, Ab-
botsford has neither transit suburbs nor active core neighbourhoods, while over 25% of the population in Kingston,
Sudbury, Victoria, Halifax, London, Quebec City and Vancouver live in active core or transit suburb neighbourhoods.
In addition, most of the smaller CMA’s have substantial exurban populations. This may indicate that commuting
from rural areas to employment in the central city is much easier in these places due to less traffic congestion (Gordon
and Janzen 2013, 210).

In order to illustrate what the different neighbourhood compositions of the cities look like, we include a map of
Victoria (Figure 3) and a map of Calgary (Figure 4) produced by Gordon and his colleagues and available on their
research website (www.canadiansuburbs.ca). The maps illustrate the differences between the two cities, with Victoria
have a higher percentage of active core and transit suburb neighbourhoods than Calgary, and Calgary having a higher
proportion of auto suburb neighbourhoods.
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Figure 3
Neighbourhood compositions of Victoria
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Demographic composition variables

To account for variations in the demographic composition of cities, we employed CMA-level demographic data
from the Statistics Canada 2006 Population Census. The census was conducted on May 16, 2006, and counted a
total population of 31,612,897 Canadians, with nearly 25 million living in urban areas (Statistics Canada 2007). The
Community Profiles section, which can be accessed on the Statistics Canada website, provided relevant information
on each CMA.

We included six demographic control variables into our regression model: population size, median age, median
household income, immigrants (percent of total population), education (percent of total population aged 25-64 with
a university certificate, diploma, or degree), and /ow income (percent of low-income persons—after tax). As the
neighbourhood composition variables included population density as a factor (Gordon and Shirokoft 2014), this
variable was not included as a demographic composition variable in our model.

While each demographic variable varies considerably across Canadian CMAs, the most significant difterences
are seen in population size as well as percentage of immigrants.

Ba:elzlc(:i;tive summary of neighbourhood and demographic composition variables, Canadian CMAs (N = 28)
Mean Min. Max, Std. Dev.
Percent population living in active cores 12.41 0.00 17.98 3.68
Percent population living in transit suburbs 8.6 0.00 18.77 3.79
Percent population living in auto suburbs 64.97 43.45 84.00 10.52
Percent population living in exurbs 13.75 2719 35.96 9.64
Population size 737585 122389 | 5113149 1129395
Median age 39.28 35.70 43.80 2.32
Median household income 55799 40617 72379 8542
Percent of immigrants 15.56 1.17 45.74 10.87
Percent pop. aged 25-64 with a university 2349 14.11 3908 5.96
certificate, diploma, or degree
Percent pop. low mcome - after tax 11.28 6.90 16.50 233

Sourcefs): Census of Population 2006 (Statistics Canada 2007a); Gordon and Shirokoff 2014

Statistical analyses
To conduct our statistical analysis, we merged the three datasets at the CMA-level. As mentioned, this included the
aggregated data from the HES on recycling availability and usage, the neighborhood composition data from Gordon
and Shirokoft (2014), and the socio-demographic data from the Census.

We began by identifying bivariate correlations between the dependent variables and the neighbourhood compo-
sition variables (Table 3). Afterwards, we ran linear regression models including both the neighbourhood composi-
tion variables and the demographic control variables to predict average recycling access and usage at the CMA-level

(Table 4).

Results
Bivariate analysis between neighbourhood composition and recycling behaviour

'The results presented in Table 3 (next page) allow us to address our first research question: Is the design of a city
(measured by the percent of the population living in different types of neighbourhoods) related to the average acces-
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sibility and usage of recycling programs at the city-level? We find no significant relationship between neighbourhood
composition and average levels of access to recycling programs across Canadian CMAs. However, we do find a
relationship between the percentage of people living in different types of neighbourhoods and the average usage
of recycling programs. CMAs which have a higher proportion of residents living in transit suburbs report higher

;?\:)alreia?;e correlations between neighbourhood composition and aggregate recycling variables, Canadian CMAs (N=28)
Average Access Average Usage
Percent population living in active cores -.046 -.036
Percent population living in transit suburbs 312 A413%%
Percent population living in auto suburbs .005 033
Percent population living in exurbs -.230 -.326*

*  Correlation is significant at the 0.10 level (2-tailed)
*#  Correlation is significant at the .05 level (2-tailed)
Source(s): Statistics Canada (2007b). Gordon and Shirokoff (2014)

IianbeI:r‘:egression results: Average access to recycling and average use of recycling, Canadian CMAs (N = 28)
Access Use
Constant 298 (.529) -.181 (.161)
Neighbourhood Composition Transit Suburb 1007 (.004) 004 (.001) **
(Ref = Active Core) Auto Suburb 2001 (.003) 000 (.001)
Exrb 001 (.003) -.001 {.001)
Population -.000 (.000) -.000 {.000)
Median Age 015 (.007) ** 001 (.002)
Median Household Income -.000 (.000) -.000 (.000)
Percent Immigrants 007 (.002)** 002 (.001) **
Percent Post-secondary -.000 (.003) -.001 (.001)
Percent Low Income _.016 (.008) * -.003 (.003)
Access to Recycling 1.130 (071)**
Adjusted R* 642 983

Note. N = 28. Reported as b (Standard Error), where b= unstandardized regression coefficient. *p < 0.1;
**p< 03 (two-tatled tests).
Ref = Reference Group.
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average use of recycling programs. In addition, CMAs which have a higher proportion of residents living in exurbs
report lower average use of recycling programs.

Controlling for demographic factors

In the two linear regression models displayed in Table 4, we address the second research question: Does the rela-
tionship between urban design and the accessibility and usage of recycling programs remain once we account for the
demographic composition of the CMAs? We included the demographic control variables to first examine the impact
of neighbourhood composition on average access to recycling programs, controlling for population size, median age,
median household income, percentage of immigrants, percentage of low income, and percent of the population aged
25-64 with a university certificate, diploma, or degree. We then examined the same model for average usage. We
included average access to recycling programs as an additional control variable for the second model, since access
significantly affects usage.

In the first column in Table 4, we see that average access to recycling programs in CMAs in Canada is positively
associated with the median age and the percentage of immigrants in CMAs, and negatively associated with the
percentage of the city population who are low income, controlling for all other variables in the model. As in the
bivariate model, the neighbourhood composition variables have no significant relationship to average access, after
controlling for the demographic composition variables.

In the second column in Table 4, average usage of recycling programs is significantly and positively associated
with the percent of the population living in transit suburb, indicating that an increase in the proportion of the po-
pulation living in transit suburbs (versus living in the active core) in a CMA leads to an increase in average recycling
usage, controlling for access to recycling programs, population size, median age, median household income, percen-
tage of immigrants, percentage of low income, and percent of the population aged 25-64 with a university certificate,
diploma, or degree. Interestingly, the percentage of immigrants is also positively associated with average recycling
usage, even when controlling for access.

Discussion and conclusion

'The findings from this study provide some evidence of a link between the neighbourhood composition of a city and
the recycling practices of its residents. In the bivariate analysis, we found that there was no relationship between the
neighbourhood type composition of cities and the reported average levels of access to recycling programs. However,
we did find a relationship between neighbourhood composition and recycling usage at the city level. Cities with a
higher percentage of their population living in transit suburbs report higher average recycling usage, and cities with
a higher percentage of their residents living in exurbs report lower average levels of recycling usage.

We next tested to see if these relationships held once we controlled for the demographic composition of the
cities. The results indicated that the relationship between the percent of residents living in transit suburbs and ave-
rage recycling usage remained positive and significant, controlling for average access to recycling, population size,
median age, median household income, percentage of immigrants, percentage of low income, and the percent of the
population aged 25-64 with a university certificate, diploma, or degree. However, the percent of residents living in
exurbs was no longer significantly related to average recycling usage, suggesting that the initial bivariate relationship
was explained by the demographic composition of the cities.

Our findings support those of previous studies which have shown that residents of multi-family dwellings
(common in the active core) are less likely to recycle than residents of single-family homes (common in suburbs and
exurbs) (Ando and Gosselin 2005; Bay and Lehmann 2017). We believe our findings illustrate some of the issues
with city-level recycling initiatives. Many municipalities in Canada have worked hard to make recycling available to
their residents, however accessibility does not translate directly to usage.

If residents in the active core have to travel to use recycling facilities, and their only form of transportation is
walking or cycling, they may be less likely to use the facilities than residents in transit suburbs who often have access
to both public transportation and a vehicle. In high-density buildings, both convenience and visibility appear to be
key to encouraging recycling (DiGiacomo et al. 2018; Lakhan 2016). Recycling needs to be actively encouraged
within the building, by building operators, not just by city authorities.
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Several key limitations to this study are worth mentioning. First, conducting the study at the CMA level meant
that we had a rather small sample size of 28, making it difficult to identify statistically significant findings. Second,
we recognize that the use of aggregated and merged data made it impossible to establish direct causal relationships
between these variables. As we did not have the neighbourhood location of the HES respondents, we do not know, in
any given city, which neighbourhoods the respondants come. The third limitation is the potential presence of self-se-
lection bias, where individuals and households might choose one type of neighbourhood (or a certain type of city)
over another because of their values and practices, rather than be influenced by the neighbourhood itself. In other
words, we cannot be sure whether certain types of cities and neighbourhoods attract certain types of residents who
in turn establish more sustainable behavioural norms; or if collective, pre-existing features of neighbourhoods—their
socio-demographic, market-oriented, structural, or politico-economic characteristics—shape incoming residents,
regardless of background. It seems reasonable to conclude that both processes may be occurring simultaneously
(Kennedy et al. 2013).

A multitude of studies have shown the powerful effect neighbourhood residence can have on sustainable
consumption practices in a variety of ways. Perhaps recycling activities and sustainable consumption practices are
better explained by individual differences, however, our findings provide some evidence of a statistically signifi-
cant link between the neighbourhood composition of a city and recycling patterns in Canadian CMAs, net of the
demographic composition of the cities. This leads to the conclusion that neighbourhood design can potentially
influence the recycling behavior of residents. Importantly, while most studies have focused on the benefits of compact
neighbourhoods in terms of sustainable transportation, our study highlights a different type of sustainable consump-
tion behaviour that can be aftected by the urban environment. Governments and urban planners need to address all
aspects of sustainability, including both transportation and recycling, in order to move towards a more sustainable
form of development that suits the needs of a new generation of urban residents.
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