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H I G H L I G H T S
� Household survey data and GPS-verified travel data are used to estimate GHG emissions.

� Residential location impacts both transportation and housing-related GHG emissions.
� Results reveal spatial variability in direct GHG emissions at the sub-regional scale.
� No significant difference in total direct GHG emissions between urban and suburban respondents.
� Travel related GHG emissions are significantly higher among those living in the exurbs.
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a b s t r a c t

This research investigates whether where we live matters in terms of contributions to direct greenhouse
gas (GHG) emissions. Using results from the Halifax Space Time Activity Research (STAR) project, we
estimate GHG emissions for 1920 randomly selected respondents in Halifax Regional Municipality, Nova
Scotia, Canada. The unique data set allows us to report direct GHG emissions with an unprecedented level
of specificity at the sub-regional scale using household energy-use survey data and GPS-verified travel
data. We report results and investigate statistical differences between communities and urban–rural
zones (inner city, suburban, and inner and outer commuter belts). Results reveal considerable spatial
variability in direct GHG emissions across the study area. Our findings indicate that individuals living in
the suburbs generate similar amounts of GHG emissions (20.5 kg CO2e person�1 day�1) to those living in
the inner city (20.2 kg CO2e person�1 day�1), challenging a widely held assumption that living in the
urban centre is better for sustainability. However, individuals in more rural areas have significantly higher
transport-related GHG emissions than those living in the inner city and suburbs. Our results underscore
the importance of understanding the spatial distribution of GHG emissions at the sub-regional scale.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Influencing where people live is a strategy available to munici-
palities for reducing household greenhouse gas (GHG) emissions.
The objective has been to increase the population density of the
urban core and curb urban sprawl (Parshall et al., 2010; Weisz and
Steinberger, 2010). The rationale is based on a poorly tested, yet
widely held, assumption that people living in the urban core have
lower environmental impact lifestyles than do their suburban and
rural counterparts (Hoornweg et al., 2011). The premises held that
square-footage of houses are smaller in inner city zones, and that
ll rights reserved.
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individuals are less vehicle-dependent than those living in the
suburbs and rural fringes of urban regions. However, the relation-
ship between the built environment and travel mode choice
remains poorly understood (Ewing and Cervero, 2010). Further-
more, as most sustainability and land-use planning studies are
urban-focused, the policy debate has focused on an urban (inner-
city) versus suburban dichotomy. The suburbs are perceived as the
locus of ‘unsustainable’ development and living, compared to the
urban core (Hoornweg et al., 2011). In the North American context,
however, the rapidly-developing “exurbs” of the urban fringe
(Davis et al., 1994; Lamb, 1983; Nelson, 1991; Taylor, 2011) extend
far into the quasi-rural commuter belt, and it is therefore also
important to compare GHG emissions of exurbanites to those of
urban and suburban residents.

www.sciencedirect.com/science/journal/03014215
www.elsevier.com/locate/enpol
http://dx.doi.org/10.1016/j.enpol.2013.07.012
http://dx.doi.org/10.1016/j.enpol.2013.07.012
http://dx.doi.org/10.1016/j.enpol.2013.07.012
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.enpol.2013.07.012&domain=pdf
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.enpol.2013.07.012&domain=pdf
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.enpol.2013.07.012&domain=pdf
mailto:jswilson@dal.ca
http://dx.doi.org/10.1016/j.enpol.2013.07.012


J. Wilson et al. / Energy Policy 62 (2013) 1329–13351330
The notion that where we live influences our environmental
impact has been an important meta-theme within the “smart growth”
planning movement. Understanding of the distribution of GHG emis-
sions across urban regions is, however, poor at best. Few studies report
GHG emissions or carbon footprints at the sub-regional or sub-
municipality scales. Lack of data at finer spatial scales presents a
significant limitation for sustainability analysis (Wilson and Grant,
2009). Lenzen et al. (2004) and Haq and Owen (2009) estimate both
energy consumption and carbon footprints at the sub-city level by
linking input-output analysis with household spending survey data.
Druckman and Jackson (2008) for the United Kingdom, and Weber,
Matthews (2008) for the United States, estimate GHG emissions of
households by income category and other household characteristics
using models that link household expenditure data to energy con-
sumption. Neither study specifies a geographic region, but their
models could support a sub-regional analysis. In absence of input-
output data, VandeWeghe and Kennedy (2007) estimate residential
GHG emissions by census tract for the Toronto Census Metropolitan
Area (Canada) based on household fuel payments and transportation
survey data. Wilson et al. (2013) presents the most refined analysis to
date, estimating the ecological footprint, including the carbon foot-
print, by Census Dissemination Area (400–700 people) for Oakville,
Ontario (Canada). Ecological footprint values were derived using
household energy use data, square footage data, household spending
data, and commuting survey data.

The literature provides convincing evidence that environmen-
tal impacts vary substantially at the sub-city level. What is of
interest, however, is to discern whether such variation is repetitive
and predictable, and here the results are mixed. Wilson et al.
(2013) found substantial variability in ecological footprints within
what one might expect to be a relatively homogeneous group (the
study community, Oakville, is a bedroom community of Toronto
and considered a suburb in its entirety). In Oakville, higher
footprint households tended to concentrate along the waterfront
and green spaces indicative of higher-income households. Lenzen
et al. (2004) found that energy requirements of subdivisions are
higher nearer the city centre. Haq and Owen (2009) noted
neighborhoods reporting the largest carbon footprints were in
either the inner city or rural areas. VandeWegh and Kennedy
(2007) found census tracts located in the suburbs had the highest
per capita GHG emissions. All of these efforts, however, quantify
the environmental impact of households based, in part, on spend-
ing data or other indicators. To the best of our knowledge, no
studies have estimated GHG emissions (or similar measurement
units, i.e. carbon footprint) based directly on energy use informa-
tion collected at the household level.

The objective of the present analysis is to understand spatial
variation in direct greenhouse gas emissions across an urban
region based on household-specific energy use data and
GPS-verified personal travel data. The unique dataset allows us
to report direct GHG emissions with an unprecedented level of
specificity at a sub-regional level. The analysis reports direct GHG
emissions using for 1920 respondents living in Halifax Regional
Municipality (HRM), Nova Scotia, Canada.

Results are reported by community, confirming variability in
direct GHG emissions across HRM. In addition, results are reported
by urban–rural zones, highlighting differences in direct GHG
emissions between urban, suburban, and rural commuter zones.
2. Data and methods

2.1. Data

Our study employs data from the Halifax Space-Time Activity
Research (STAR) project, which represented the world′s largest
deployment of global positioning system (GPS) technology for a
household activity survey (Bricka, 2008). The Halifax STAR project
sampled 1971 randomly selected households in HRM, or about one
household in 78, between April 2007 and May 2008 (Time Use
Research Program (TURP), 2008). HRM is the provincial capital of
Nova Scotia and the largest municipality in Atlantic Canada,
spanning almost 5500 square kilometers, with a population of
over 390,000 people in 2007 (Statistics Canada, 2012). In many
ways, HRM is highly representative of Canadian mid-sized metro-
politan areas, having a diverse and moderately prosperous econ-
omy with population growth of about 0.5% per year. The study
area has a clearly-defined downtown area that has experienced
little inner city decay, and income variations across the region are
modest. Low-density exurban sprawl is particularly evident in a
commuter belt within 50 km of downtown Halifax, while very few
people reside in the fully rural area beyond 50 km (Millward and
Spinney, 2011a).

The Halifax STAR project collected time diary and questionnaire
data over 373 days of data collection, with a cooperation rate of
25% and overall response rate of 21% (Millward and Spinney,
2011b). The primary sampling frame was all residential house-
holds with listed telephone numbers. A pre-notification letter was
used to make initial contact with each household, followed by a
recruitment telephone call. Using computer-assisted telephone
interview (CATI) software, recruited households completed a brief
intake questionnaire to collect age and other information for all
household members. The age information was used to randomly
select the secondary sampling unit; a single household member
over the age of 15 who was randomly selected as the “primary
respondent”, and was assigned a consecutive pair of diary days
(e.g. Thursday–Friday, Friday–Saturday, etc.). Throughout the 48-h
reporting period, the primary respondent carried a GPS-device
(Hewlett Packard iPAQ hw6955) that was programmed to collect
GPS data every 2 s and automatically send that information back
to a central server for processing. The “day after” the two-day
reporting period, both questionnaire and two-day time diary data
were collected using specially-designed computer-assisted tele-
phone interview (CATI) software. The CATI software enables
interviewers to visualize the GPS data, travel routes, and precise
start and end times for all “stops” (i.e. stationary locations lasting
at least two minutes). See Time Use Research Program (TURP),
2008, 2010a, and, 2010b for a detailed description of the sampling
strategy, survey methods, and data user guide. The STAR survey
was modeled after Statistics Canada′s (2006) General Social Survey
(GSS) Cycle 19, which asked questions about personal character-
istics, household characteristics, neighborhood features, socio-
economic data, and subjective dimensions of well-being. The STAR
survey supplemented those questionnaire items with questions
regarding electricity consumption, home heating, and energy
efficiency behaviors, among others.

Using ArcGIS 9.3s, the geographic coordinates (latitude and
longitude) of each household′s residential location within the
study area were “spatially joined” with communities (based on
municipal administrative boundaries) and urban–rural zones
(delimited operationally on the basis of both urban form and
commuting linkages to the urbanized area). Given the measure-
ment of transportation-related GHG emissions is based primarily
on average travel distance, the zones defined by Millward and
Spinney (2011a) are used in this study. These zones are based on
street network travel distance outwards from “downtown”, and,
therefore, offer a more functional approach to examine the extent
to which GHG emissions vary within the study region. The “inner
city” of HRM is defined as the area within a 5 km travel distance of
Halifax and Dartmouth′s “downtown” areas. The “suburbs” are
adjacent developed areas with city water and sewer services,
mostly lying between 5 and 10 km from downtown. The “inner



Fig. 1. Urban–Rural Zones in the Halifax Regional Municipality.

Table 1
Summary statistics for select survey items by urban–rural zone.

Inner city Suburbs Inner commuter belt Outer commuter belt
Mean (S.D.) Mean (S.D.) Mean (S.D.) Mean (S.D.)

Age of respondents 55.3 (14.2) 52.6 (13.9) 48.7 (11.0) 48.9 (12.1)
Persons per household 2.5 (1.1) 2.7 (1.1) 3.1 (1.2) 2.9 (1.2)
Heated square feet 1983 (1128) 1979 (820) 2237 (915) 2177 (786)
Heated square feet per person 920 (626) 848 (505) 836 (514) 857 (443)
Number of household vehicles 1.4 (0.7) 1.7 (0.7) 2.1 (1.0) 2.0 (0.7)
Car-dependency (km/day) 25.8 (38.5) 32.6 (42.7) 49.3 (50.6) 53.2 (52.1)
Percent light duty vans and trucks (%) 21 31 34 38
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commuter belt (ICB)” comprises unserviced communities lying
between 10 and 25 km travel distance to downtown while the
“outer commuter belt (OCB)” lies between 25 and 50 km to
downtown. Millward and Spinney (2011a) define a fifth zone,
“remote rural”, which encompasses areas beyond 50 km travel
distance to downtown, or lacking road access, but due to a lack of
sample, we do not report GHG emissions for this zone (Fig. 1).

The STAR sample approximates a proportional distribution for
gender, days of the week, and the months of the year. Spinney and
Millward (2011) provides a detailed description of the sample. A
few of the more pertinent survey items to the study are summar-
ized and presented in Table 1 using measures of central tendency
and dispersion that are stratified by urban–rural zone. The survey
items that are summarized in Table 1 are respondents′ ages;
persons per household; housing size (heated square footage);
heated square footage per person; number of household vehicles,
“car-dependency” that is measured using daily mean travel dis-
tance (km) in a private vehicle or taxi; and the prevalence of light
duty vans and trucks (bigger vehicles) as a percentage of vehicle
fleet of respondents.
If we consider adjacent successive urban–rural zones as an
ordinal classification of increasing distance from downtown, both
household size and the number of persons per household
increases as we move away from the inner city toward the inner
and outer commuter belts. The heated square footage of house-
holds per person, however, decreases with increasing distance
from the inner city. The mean heated square feet of housing
increases with increasing distance from the inner city, but when
the size of the home is adjusted for the size of the family, there
appears to be an inverse relationship between heated square feet
per person and increasing distance from the inner city. Both
dwelling size and family size increase with distance from the
inner city. There is a steady decline in the age profile with
increasing distance from the inner city; average age decreases
from a high of 55 years old in the inner city to 48 years old in the
inner and outer commuter belts. More pronounced is the pattern
of increasing car dependency (km traveled per day) with increas-
ing distance from the inner city, and decreasing opportunities for
alternate travel modes. About one-quarter of inner city respon-
dents are car dependent. That value rises to about one-third in the



Fig. 2. Spatial distribution of median GHG estimates by communities.
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suburbs, to almost one-half in the inner commuter belt, and
exceeds one-half in the outer commuter belt. Not surprising then,
the average number of vehicles per household also increases with
increasing distance from the inner city, where the average is
1.4 vehicles per household and that number reaches its maximum
in the inner commuter belt at 2.1 vehicles per household. In the
same vein, there is a modest, but steady, increase in the prevalence
of light-duty vehicles with increasing distance from the inner city
to the rural countryside. Overall, however, we found little distinc-
tion in prevalence of light-duty vehicles between the inner and
outer commuter belt zones.

2.2. Methods

Shelter-related and transportation-related direct GHG emissions
were estimated per respondent per day in kilograms carbon dioxide
equivalents (kg CO2e person�1 day�1). Shelter-related GHG emission
estimates are based on respondent-recall of electricity bills, home
heating bills, and amount of wood burned. Respondents were asked to
consult bills, although we are not able to verify which houses did and
did not. We reported shelter-related emissions per respondent by
dividing the total household emissions by the number of household
members. We confirmed results with an expert from the provincial
energy efficiency agency, which resulted in 15 cases being screened
out of our analysis, because of unreasonably high shelter-related
energy use. For transportation-related direct GHG emissions, we
estimated personal transportation based on distances traveled, using
household activity survey data. Trip distances were computed using
the shortest path between GPS-verified origins and destinations.
Thirty-six respondents had incomplete travel data and were screened
out of our analysis. Also, we do not include air travel in our
estimation of GHG emissions, because many of the out-of-country
coordinates were not captured in the STAR survey. In Nova Scotia, air
travel (domestic aviation) represents approximately 7% of total
transport-related GHG emissions (Environment Canada, 2010). For
a more detailed description of specific methods and assumptions
used to estimate direct GHG emissions, see Wilson et al. (in press).

Each respondent′s residential location was used to summarize
the spatial distribution of direct GHG emissions across the 62
communities within the study area. Communities, in this context,
do not reflect a specific population size. Rather, they represent
longstanding geographic areas with meaningful similarities in
both perceptions and interpretations of both place and context.
Median direct GHG emissions were calculated for communities
with three or more sampled households and mapped using ArcGIS
10s to illustrate the spatial distribution of emissions. In addition,
shelter-related, transportation-related, and total direct GHG emis-
sions were assigned to urban–rural zones. Statistical Package for
the Social Sciences (SPSS, v.15.0) software was used to measure the
median and inter-quartile range (IQR) for GHG emissions by
urban–rural zones. Medians were chosen in preference to means,
because each of the three emission variables exhibit skewed
distributions, which was confirmed by the Kolmogorov–Smirnov
Z test. We tested two-tailed significance of differences among
adjacent successive urban–rural zones using a Mann–Whitney U
test. The U-test is a non-parametric difference-of-ranks test that
tests whether two independent samples of observations are drawn
from the same distribution, and it is employed in preference to the
two-sample t-test because the distributions of the variables under
scrutiny are skewed.
3. Results

In total, direct GHG emissions were estimated for 1920 respon-
dents. We omitted 51 of the 1971 households due to incomplete or



Table 2
Median direct greenhouse gas emissions, kg CO2e person�1 day�1.

Zone N Total direct
GHG

Transportation-
related GHG

Shelter-
related GHG

Median (IQR) Median (IQR) Median (IQR)

Overall 1920 20.8 (14.1) 4.1 (7.0) 14.6 (10.0)
Inner city 382 20.2 (12.6) 2.2 (3.9) 16.2 (10.5)
Significance 0.382 o0.001 0.026
Suburbs 1039 20.5 (13.5) 4.0 (6.1) 14.6 (10.0)
Significance 0.003 o0.001 0.023
Inner
commuter
belt

334 22.9 (15.4) 6.2 (9.1) 13.6 (9.5)

Significance 0.944 0.513 0.818
Outer
commuter
belt

165 22.0 (19.6) 7.1 (11.4) 13.4 (8.2)
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problematic data specific to this research. Statistical analysis of the
STAR household data indicates the median total direct GHG emissions
for HRM is 21 kg CO2e person�1 day�1, with a range of 101 kg, and
inter-quartile range of 14 kg. On average, provision of electricity
and home heating contribute 78% of direct GHG emissions with a
mean of 14.6 kg CO2e person�1 day�1, which is significantly higher
(p¼o0.001) than emissions associated with personal transportation,
which account for the balance of direct GHG emissions and average
4.1 kg CO2e person�1 day�1.

3.1. Greenhouse gas emissions by community

A total of 44 communities have three or more households with
estimates of direct GHG emissions (Fig. 2). We found variability in
direct GHG emissions across the HRM, with median values ranging
from 13.9 to 35.8, and a median value across all communities of
21 kg of CO2e person�1 day�1. In general, median GHG emissions
per person tend to increase as we move toward the perimeter of
the HRM, although that pattern does not appear consistent. For
example, the communities of Stillwater and Waverley both have
very high emissions (430 kg CO2e person�1 day�1) while the
community of Westphal has very low median emissions (o18 kg
CO2e person�1 day�1) (Fig. 2). The overall pattern is that
communities in the commuter belt tend to have higher values
than the inner-city or suburbs, and it is noteworthy that all
communities with median direct emission values over 24 kg
CO2e person�1 day�1 lie in the exurban commuter area. Relatively
high per capita daily emission values (424) are noted for
wealthier commuter-belt communities, such as Waverley, Still-
water, and Oakfield, while relatively lower emission values (o20)
in the commuter belt tend to occur in medium or low-medium
income areas, such as Enfield, Lawrencetown, and Williamswood.
These community-level patterns echo results produced previously
by Wilson et al. (2013) for the town of Oakville, Ontario. However,
some community-level median emission values are based on few
observations, which prevents significance testing. To allow such
testing, we turn to an examination of zonal differences along the
urban–rural continuum.

3.2. Greenhouse gas emissions by urban-rural zone

To further elucidate the spatial distribution of shelter-related,
transportation-related, and total direct GHG emissions across the
study area, we present median and IQR emissions per person per
day by urban–rural zone in Table 2. In addition, in Table 2, we report
Mann–Whitney U test results of differences between adjacent
successive urban–rural zones.

Results in Table 2 indicate that total emissions increase away
from the urban core; median daily direct GHG emissions for
respondents living in the inner and outer commuter belt zones
are approximately 11% higher than for respondents living in the
inner city zone. Interestingly, there is little difference (o2%) in
median direct GHG emissions between the inner city zone and the
suburban zone, and any difference appears purely due to chance.
For total direct GHG emissions, the only significant difference
(p¼0.003) between adjacent successive zones is for the suburbs
and ICB, the suburbs being lower. Basically, the results in Table 2
illustrate that as we move away from the inner city zone, there is a
decrease in shelter-related emissions and an increase in
transportation-related emissions.

Results in Table 2 indicate that the overall median transportation-
related GHG emissions are 4.1 kg CO2e person�1 day�1. Our sample
indicates that private vehicle use contributes about ninety-nine
percent (99%) of direct GHG emission associated with personal
transportation. Transportation-related GHG emissions increase from
the inner city (2.2 kg CO2e person�1 day�1) to the suburbs (4.0 kg
CO2e person�1 day�1), and another increase to the inner commuter
belt (6.2 kg CO2e person�1 day�1). Despite another increase (0.9 kg
CO2e person�1 day�1) from the inner to the outer commuter belt,
values for these two zones are not significantly different (Table 2). Any
increase in transportation-related emissions moving outwards from
the inner city appears to be offset by significantly reduced shelter-
related emissions. Results in Table 2 indicate that significantly
lower shelter-related emissions were reported in the suburbs
(14.6 kg CO2e person�1 day�1) compared to the inner city (16.2 kg
CO2e person�1 day�1), and significantly lower again in the inner
commuter belt (13.6 kg CO2e person�1 day�1). Just like travel-related
emissions, shelter-related emissions are not statistically different
between respondents living in inner and outer commuter belts.
4. Discussion

The present analysis complements previous sub-city environ-
mental impact analyses by reporting direct GHG emissions using
household-specific energy use data and GPS-verified travel data
for 1920 respondents living in HRM. Our unique dataset allows us
to report direct GHG emissions with an unprecedented level of
specificity at a sub-regional level. The data demonstrate a wide
range in direct GHG emissions by respondent, reflective of the
sampling strategy and consistent with trip diary data. Data
collection occurred over a 1-year period. Depending on the time
of year, households could have very different home energy use
demands. Further, with respect to personal transportation, large
ranges in travel distances are consistent with trip diary surveys
(Kang and Scott, 2010). While individual travel events may appear
to be atypical for the person undertaking them (e.g., the case of
visiting a distant relative), taken in aggregate they accurately
represent variability in GHG emissions based on people′s activities,
which take place at disparate locations. Not all trip purposes are
repetitive (as is the case for travel to and fromwork). Rather, there
exists considerable variability in activities and travel across days of
the week (Kang and Scott, 2010).

Our analysis is not without its limitations. For example, it
reports GHG emissions per respondent, because the travel data are
based on a personal, wearable, GPS collection device. Conceptua-
lizations of urban regions in terms of households may be a more
functional unit. It would also help mitigate issues of attribution of
transportation-related GHG emissions if other household mem-
bers are present in the vehicle. For example, what is the appro-
priate approach to split the associated GHG emissions if the trip
purpose is taking a child to sports practice or if a child is present
on a shopping trip? A potential research direction could be to
incorporate out-of-home activity diary data from other household
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members, which could be used to identify if and why other
household members are present in the vehicle. Using trip purpose
by travel segment could provide a useful mechanism for mitigat-
ing attribution issues.

Although studies suggest that indirect emissions contribute
40–65% of total GHG emissions associated with typical Western
lifestyles (Benders et al., 2006; Kok et al., 2006; Moll et al., 2005;
Nansai et al., 2008; Weber and Matthews, 2008), our analysis does
not include indirect GHG emissions. Indirect GHG emissions refer
to the emissions that result from earlier stages in the life cycle of
the goods and services that we consume and correlate strongly
with income (Benders et al., 2006; Druckman and Jackson, 2008;
Lenzen et al., 2004; Weber and Matthews, 2008). We considered
including indirect emissions by allocating regional input–output
data to households by income category, using household expen-
diture survey data. We decided not to, however, to avoid estimat-
ing sub-city results by extrapolating from national-level data.
Further, HRM does not appear to have a high concentration of
higher-income households in one specific zone. In the sample, all
zones reported a median personal income range category of
$40,000–$59,999. Future research will look at including indirect
GHG emissions.

Our results illustrate the patterning of GHG emissions within a
city region at an exceptional spatial scale. These fine-resolution
results offer planners and policy makers a unique perspective
regarding variation in GHG emissions at a sub-city level. The
community-level mapping, for example, revealed considerable
variation in emissions at the local level, consistent with other
sub-city analyses of environmental impacts (Haq and Owen, 2009;
VandeWeghe and Kennedy, 2007; Wilson et al., 2013) and chal-
lenges the notion of a simple gradient in increasing emissions
moving outward from the urban core. Although peripheral com-
munities tend to show higher median total emissions, these
medians also seem to relate to income levels, with wealthier
communities showing higher values (Wilson et al., in press). Small
sample sizes in many rural communities, however, prevented the
use of significance testing.

Shelter-related emissions per person decrease as we move
away from the inner city toward the outer commuter belt. While
houses become bigger as we move outward from the inner city, to
the commuter-belt zones, the STAR sample indicates there are
more people per household (Table 1). When we factor in number
of persons per household, therefore, the square footage per person
is very similar in all zones except the inner city, where it is
noticeably larger. This may reflect the “empty-nest” characteristic
of many inner-city households, compounded by under-sampling of
renters, such as students and those with lower incomes.

We feel reporting results by urban–rural zone to be a more
useful approach for analyzing direct GHG emissions at the sub-city
level than reporting by community. The zones organize the
municipality based on urban form and distance to the regional
centre, which are both widely perceived factors influencing energy
consumption patterns. Categorizing HRM by zone can support
policy and planning decisions that cater to different challenges
and opportunities faced by each zone to reduce GHG emissions.
For example, public transportation either does not service or
poorly services the inner and outer commuter zones, limiting
travel options. Also, the housing stock in the urban core is typically
older than in the suburban and commuter zones, presenting
different challenges to reducing shelter-related GHG emissions.
The lack of significant differences between inner and out commu-
ter belt zones in direct, transportation-related, and shelter-related
emissions, plus select survey items, suggesting remarkable simila-
rities among these two regional groups of respondents.

Our results for HRM show little difference in per capita
direct GHG emissions between the inner city and the serviced
suburbs, challenging a widely-held assumption that inner city
living is inherently more sustainable than suburban living.
The notion that inner city living is ‘greener’ is partially based
on the assumptions that people in the inner city drive less and
live in smaller households (square footage). We did find that
those living in the suburbs had higher median transportation
related GHG emissions. Respondents in the suburbs, on aver-
age, traveled more per day as the driver or passenger of a
private vehicle (Table 1) and drove bigger vehicles (SUV, van,
pick-up) as a percentage of the total vehicle fleet. Median
transportation related GHG emissions of respondents living in
the inner city are 2.2 kg CO2e person�1 day�1 compared to
4.0 kg CO2e person�1 day�1 for respondents living in the
surburbs. Our dataset, however, does not support the assump-
tion of bigger homes and higher shelter related GHG emissions
in the suburbs in comparison to the inner city. Average heated
square footage of households was remarkably similar. When
we consider square footage per household member, it was less
in the suburbs compared to the inner city. Median shelter
related GHG emissions of respondents living in the inner city
are 16.1 kg CO2e person�1 day�1 compared to 14.6 kg CO2e
person�1 day�1 for respondents living in the surburbs. Lower
GHG emissions associated with electricity use and home heat-
ing in the suburbs offset the higher transportation related
emissions.

In HRM, heating and electricity related emissions dominate
direct GHG emissions accounting for 78% of total GHG emissions.
The substantial contribution of heating and electricity to overall
emissions can be explained in part by Halifax′s reliance on oil and
electricity as a primary heating source coupled by the fact that the
greenhouse gas intensity of electricity generation in the province
is high, over triple the Canadian average. Additionally, in compar-
ison to other regions in Canada, the housing stock is older and
there are more single-family dwellings as a percentage of the total
housing stock (77% vs. 58%) (Natural Resources Canada (NRCAN),
2010). In comparison, jurisdictions relying on hydro generated
electricity and heating primarily with natural gas would have
lower associated household GHG emissions. If GHG emissions
associated with shelter were lower, the difference in transporta-
tion related emissions would be more pronounced in terms of
influencing overall emissions. As the province of Nova Scotia
moves toward lower-carbon electricity, shelter-related emissions
should decline placing greater emphasis on transportation related
emissions.

The dynamics driving transportation related GHG emissions are
not straight-forward. For example, the notion of a single travel
flow from suburbs to inner city for work and shopping in the HRM
context is incorrect. In the case of HRM, several major industrial-
business hubs are located in the suburbs. Ninety-six percent of
new office space between 2008 and 2012 was built in the suburbs
indicating a decreasing need to enter the downtown core for work
(Our HRM Alliance, 2012). Further, those living in the urban core
may travel to suburbs to access services and shopping creating a
reverse travel requirement. Assuming that inner city living is
inherently more sustainable than suburban living masks that both
zones present sustainability challenges that require attention. In
the case of HRM, the inner city is dealing with a number of critical
issues: high carbon electricity and heating sources, inefficient
homes, low population density, large housing size per person,
low public transit use, and an infrastructure that favours travel to
suburban zones for shopping, services, and potentially even
employment.

Efforts to reduce greenhouse gas emissions must also include the
exurbanites. Those living in commuter belt zones and on the rural
fringe have substantially higher greenhouse gas emissions, and
particularly higher transport-related direct GHG, which often get
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overlooked in a policy debate that has focused on an urban (inner-city)
versus suburban dichotomy. The exurbs of the commuter belt are
characterized by low-density, large-lot development, lacking city
water and sewer services. Though commuter-dependent, they have
the appearance of rurality, and provide sought-after environments for
family living (Millward, 2006). However, lack of public transport, and
limited options for active transport, lead to greater car-dependency
and longer trip distances per person, such that transport-related direct
emissions are three times those in the inner city, and 1.5 times those in
the suburbs. Interestingly, median transport-related GHG estimates for
the inner and outer commuter zones are virtually the same, which is
likely due to transport-minimizing accommodations made by outer
commuter belt residents, reported by Millward and Spinney (2011a).
In particular, respondents in the outer commuter belt make signifi-
cantly fewer car trips than those in the inner commuter belt, though
average trip duration is slightly longer.
5. Conclusion

Policy and planning efforts to reduce the carbon footprints of our
cities requires an understanding of the variability in household
environmental impacts within a community (Wilson et al., 2013).
The STAR data provide a more nuanced perspective on direct GHG
emissions than previously available, particularly because they
reflect accurate and precise location information. Analysis of these
data by urban–rural zones offers a functional categorization around
which to frame GHG reduction strategies. Findings challenge the
assumption that development patterns outside of the urban core,
notably in the serviced suburbs, are inherently less sustainable and/
or detrimental to sustainability. The assumptions that those living
in the suburbs have bigger homes, bigger cars, and drive more are
only partially correct. We did find bigger cars and higher
transportation-related GHG emissions, but lower shelter-related
emissions appear to offset them. Shelter-related emissions account
for 70% of total GHG emissions, on average. We do, however, see a
noticeable increase in direct GHG emissions for the inner and outer
commuter belts, raising concerns regarding exurban sprawl. The
increase can be almost entirely attributed to transportation-related
emissions. The results stress the importance of energy use informa-
tion collected at a household level to inform policy and planning
decisions to reduce greenhouse gas emissions at a city level.

While where we live may be important, other factors influence
direct GHG emissions. The results of the current study using
household level energy use information confirm considerable
variability in household GHG emissions across HRM, but also
significant predictability between urban–rural zones. Other factors
such as income, household size, and respondent age may be better
predictors of GHG emissions (Wilson et al., in press), and are inter-
related with zonal variations. Research supporting a more nuanced
understanding of household GHG emissions within cities, target-
ing the different challenges and opportunities of different zones,
will benefit efforts to achieve GHG reductions.
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