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ABSTRACT 
Urban intensification is believed to result in modal shift away from automobiles to more active 
forms of transportation. This work extends our understanding of bicycle mode choice and the 
influence of built form, through analysis of dwelling type, density and mode choice. Both 
apartment dwelling and active transportation are related to intensification, but our understanding 
of the impact of increased density on bicycling is muddied by lack of isolation of cycling from 
walking in many studies, and lack of controls for the confounding effects of dwelling type. This 
paper examines the relationship between dwelling type and mode choice in Toronto. Controlling 
for 25 variables, this study of 223,232 trips used multinomial logistic regression analysis to 
estimate relative risk ratios. Compared to driving, we found strong evidence that a trip 
originating from an apartment-based household was less than half as likely to be taken by bicycle 
as a similar trip originating in a house-based household in Toronto in 2011. Increased population 
density of the household location had a positive impact on the likelihood of a trip being taken by 
walking and a negligible and uncertain impact on the likelihood of it being taken by transit, but a 
negative impact on bicycling. Further analysis found the negative impact of density does not 
seem to apply to those living in single detached housing, but rather it only negatively impacts the 
likeliness of cycling among apartment and townhouse dwellers. Further research is required to 
identify the exact barriers to cycling, apartment dwellers experience.  
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INTRODUCTION 
High levels of automobile usage in North American cities result in traffic congestion, air and 
noise pollution and greenhouse gas emissions, which negatively impact the health and vitality of 
urban centres. Modal shift away from single occupancy vehicles towards active transportation (1, 
2, 3) is believed to be facilitated by urban intensification, generally achieved through increases in 
mid and high–rise dwellings and the related increase in population density. However, while 
intensification contributes to modal shift, it also increases local automotive traffic congestion, as 
increases in active modes do not occur proportionally to intensification (4, 5). Melia, Parkhurst 
and Barton (2011) call this the ‘Paradox of Intensification’ (5). A comprehensive understanding 
of the reasons for this paradox is not yet available and untangling the factors involved is an 
important step in finding solutions.  

Cycling is particularly well suited to displace some automobile trips in urban areas as the 
area easily reachable by cycling is more than ten times greater than that by walking (6). It is 
often faster than either automobile or transit for trips less than 5km in length in dense urban areas 
(7) and offers the same door-to-door convenience as driving. However, the relationship between 
intensification and cycling is not clear. In Toronto, there are suggestions that residents of mid 
and high-rise apartment style dwellings bicycle less than residents living in low-rise dwellings. 
Ipsos Reid (2009) found only 33% of utilitarian cyclists lived in condominiums apartments or 
co-ops in comparison to 41% of the Toronto residents in the survey. (n=1000, margin of error 
=+/-3.1%) (8). The relationship to intensification was not examined. Since approximately 57% of 
Toronto households (9) accounting for 47% (10) of the population, live in mid and high-rise 
apartment style dwellings, any relationship between dwelling type and mode of transportation is 
potentially of significant interest to city planners.  

We hypothesize that the types of housing typically found in highly intensified 
neighbourhoods, specifically, mid- and high-rise towers, are less conducive to cycling than low-
rise housing resulting in lower cycling mode share among residents. This paper establishes a 
baseline understanding of the relationship between population density, dwelling type, and travel 
mode and points to potential areas of research to develop deeper understanding of the influence 
of dwelling type on cycling. 
 
LITERATURE REVIEW 
Cycling and walking are often lumped together in the mainstream literature on transportation and 
the built environment (11,12, 13, 14, 15,16,17, 18).  Krizek, Handy and Forsyth (11) detail 
important differences between walking and cycling such as trip distance with bicycles covering 
longer distances at higher speeds; need for bicycles; parking for bicycles; and the policy 
treatment of bicycles as vehicles, which places them on the roadway with fast moving 
automobiles, sometime with cycling specific infrastructure, but more frequently without, while 
walking is assigned its own space on sidewalks. They argue grouping helps analyze non-
motorized travel as it relates to motorized travel, but separation of modes is needed to understand 
which factors increase or impede walking and cycling.  

The literature also does not distinguish between types of housing. Rather, population 
density and street design (curvilinear versus grid) are mostly used to identify areas with large 
numbers of single family houses and areas with more mixed, denser housing types 
(12,13,14,15,16, 17,18).  
           Maximizing non-automotive travel modes is necessary if intensification is to be 
sustainable and there is extensive research on the relationship between urban form and modal 
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choice. In mainstream transportation literature, higher densities, land use diversity and people-
oriented street designs have been associated with higher levels of non-auto transportation, 
especially within a large body of research focussing on the ‘3Ds’ of the built environment: 
density, diversity and design (12). 3Ds oriented research has gradually expanded the number of 
Ds to seven including destination accessibility, distance to transit, demand management and 
demographics, which are used as controls (13,15,16, 19).  In the seminal Cervero and 
Kockleman (12) study, a wide range of variables including population and employment density, 
diversity of land use mix, design of streets including road patterns, pedestrian and cycling facility 
provision, and site design features were studied. They found reduced trip rates and more non-
auto travel in areas with higher density, greater land-use mix and pedestrian orientation. They did 
not however include housing type as a variable and all non-automotive travel modes were 
grouped together.  

In similar studies, Kitamura, Mokhtarian and Laidet (14) found that higher levels of 
residential density, bus accessibility and mixed land uses were associated with a higher share of 
non-motorized trips but only categorized areas as residential or mixed. Dwelling type was not 
included in their model and bicycling and walking were combined into non-motorized modes. 
Dwelling type was not a variable in Cervero’s 2002 study of built environments and mode choice 
that recommended explicit inclusion of land-use variables in mode choice models (16). 
Additionally, Cervero did not include walking and cycling in his analysis.   

Public health oriented reviews found population density a consistent positive correlate of 
walking and found high walkable neighborhoods had consistently higher levels of walking and 
cycling than low walkable neighbourhoods but walking and cycling trips were combined (17,18). 
Ewing and Cervero’s 2010 meta-analysis (13) of 50 papers on travel and the built environment 
found factors strongly related to walking included land use, intersection density, and destinations 
within walking distance. Their variables did not include dwelling type and bicycling was not a 
travel option. 

Cycling specific research has identified key factors influencing cycling: longer distances 
reduce the likelihood of cycling (20,21,22,23); higher levels of bicycle infrastructure including 
parking are positively associated with bicycling (24,25,26); higher levels of bicycle ownership 
lead to more bicycling (21,26); socio-demographic factors including sex (males cycle more than 
females), age (older people cycle less) and income (lower incomes equate to higher cycling) 
influence participation (23,27,28,29,30) as do the social environment and cultural norms of the 
city (22,31,32). Studies suggest that areas with higher levels of street connectivity, mixed land 
use and small blocks are more likely to have higher bicycle mode share (24,33). 

Higher population density has generally been found to align with higher rates of non-
automotive travel(1,2,3,12,13,14, 15, 16,17,18,34) but the evidence for cycling alone is less than 
clear. A study of cycling in Beijing found residential densities had no significant effects on 
cycling participation. Rather, higher levels of transit services and more main road or expressway 
crossings were significantly related to less cycling in Beijing (35). Dwelling type was not 
examined. Cervero and Duncan, examined walking and cycling separately in San Francisco and 
found mixed evidence on the influence of density (36). Destinations within a 1-mile radius of trip 
origin encouraged cycling, however within a larger 5-mile radius of a trip origin, higher 
employment densities discouraged bicycle travel. Cervero et al found density had no relation to 
cycling in Bogota (37). Winters et al, found population density at the destination was associated 
with a higher likelihood of cycling (23). Fraser and Lock’s systematic review of environment 
and cycling found only one study where population density was positively associated with 
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cycling and that association was weak (38). Zhang found higher population density at trip origin 
resulted in increased walking, biking and transit for work trips but not for non-work trips, and 
higher job density at destinations, resulted in increased walking, bicycling and transit (39). 
Walking and bicycling results were reported together.  

The literature on cycling and urban form does not include dwelling type, rather 
population density is used for analysis. Research frequently combines cycling with other modes 
particularly walking, but sometime also transit. This study addresses these gaps by using 
dwelling type and separated modes as factors for analysis.  The model produces robust results, 
despite low cycling mode share, due to the large size of the sample. 
      
STUDY SITE, DATA, AND VARIABLES  
Toronto, located on the north shore of Lake Ontario, has a landmass of 630 km2 and experiences 
both hot summers and cold winters, although with limited amounts of snow.  In 2011, its 
population was 2.6 million.  Density varies from 10,000 people per km2 in the central city, to less 
than 3,000 people km2 in outer areas (40). However, there are pockets of very high density in the 
outer areas of the city due to extensive government subsidized high-rise development in the 
1960s and 1970s based on the ‘tower in the park’ housing model. While unusual in North 
America, this pattern is more common in post-war development in Europe, the former Soviet 
Union and Asia. Tower development was common throughout the region from the 1960s 
onwards, as municipalities responded to Metropolitan planning guidelines that prescribed 
minimum densities for outward growth to support transit and infrastructure such as sewage (41). 
Condominium development from the 1970s onward was also dispersed throughout the city.  As a 
result, low, mid and high-rise housing is spread throughout the city and is not just a 
suburban/central city phenomenon. Nor is apartment dwelling always related to income, as there 
are many, higher-end, mid and high-rise condominiums. 
          Transportation is oriented towards automobiles, which had a 66% mode share in 2011. 
Transit mode share was 26%, while walking was 11% and bicycling 2% (42). Most bicycling 
occurs in the central city wards with cycling mode share as high as 11.25% while for some wards 
in the outer areas of the city, it was less than 0.05% (43). In 2011, cycling specific infrastructure 
was limited, with no separated bicycle tracks, some painted bike lanes, and a range of 
recreational trails, mostly unsuited to utilitarian cycling.   

Trip data was obtained from the 2011 Transportation Tomorrow Survey (TTS) (42). TTS 
is a comprehensive travel survey of the Greater Toronto Area (GTA) that has been conducted 
every five years since 1986. The study was conducted using landline phones and sampled 5% of 
the population over the fall of 2011 and 2012. The data subset used in this study is for the City of 
Toronto only and consists of 243,375 trips taken by residents of the city. Each of the trips was by 
a resident who categorized their housing as one of three types: house, apartment or townhouse. 
The records represent 125,518 persons from 51,961 households (44). Trips are organized by 
2006 GTA Traffic Analysis Zone (TAZ) household location. Trips with unknown data values 
and/or destinations outside of Toronto were eliminated. This resulted in a final data set of 
223,232 trips: 34% of the trips were by residents living in apartments; 7% were by residents 
living in townhouses; and 59% were by residents living in houses.   

Weaknesses of the TTS data include the use of landlines, which lead to underreporting by 
younger residents (aged 18-35) and survey recruitment methods that result in the underreporting 
of trips by residents of apartment buildings (45). Of the Toronto sample of 243,375 trips, 45% of 
the surveys returned were from households living in apartments, however, the 2011 Census 
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found 57% of Toronto households lived in apartments (45). This study does not compensate for 
these weaknesses although it may be possible in future work to weight the data accordingly. 
There are differences in how the Census and TTS categorize apartments, with the Census 
offering more than the three answer options (house, townhouse, apartment) supplied by TTS. An 
additional weakness of the TTS survey is that mixed mode trips only report the ‘main’ mode, 
which is frequently transit, eliminating walk and bicycle segments of the tour, resulting in 
systemic underreporting of walking and cycling (45). These weaknesses may be important to the 
results of this study. Overall, TTS data under-represents both cycling and apartment dwellers. 
However, there is no suggestion that the underrepresentation is skewed towards cyclists from 
apartment dwellings. We have no reason to think that apartment dwellers who bicycle are less 
likely to respond to the TTS, than other apartment dwellers. There is also no reason to presume 
that the young people missing from the survey are especially more likely than other young 
people to use bicycles and live in apartments. A final weakness may be that the data are 
clustered, since multiple trips belong to a single individual (at the rate of 1.93 trips per 
individual) and therefore trips are not independent of each other. In the future, a multi-level 
model may make our estimates more efficient.  

Other variables, that are not TTS related, also have some weaknesses. Income level is an 
aggregate measure at the TAZ level rather than being related to the individual trip as TTS does 
not collect income data. The measure of cycling infrastructure is cumulative length within each 
TAZ and includes recreation oriented trails as well as on street infrastructure. A more robust 
measure of cycling infrastructure would need to include connectivity, way finding and separation 
from traffic.  

The variables used in our models were calculated using several different data sources and 
methods that are described in detail in TABLE 1.  
 
METHODOLOGY 
Multinomial logistic regression was used to estimate the impact of each variable on cycling 
probability using the relative risk ratio (rrr). Relative risk ratios are the exponents of multinomial 
logit coefficients and are commonly interpreted as odds ratios per unit change (46). Mode type 
was specified as the dependent variable, with ‘drive’ as the reference category. Dwelling type 
was an independent variable. The results show the relative risk ratio of a person choosing transit, 
bicycle or walk over drive controlling for each variable. Koppelman and Bhat’s article on mode 
choice modelling (47) was used to guide our approach.  
 
RESULTS 
The goodness-of-fit statistics and results of our multinomial logit model appear in TABLE 2. 
The model has a very high level of fit, as indicated by an extremely significant ߯ଶ test of 
likelihood ratios and a high pseudo-ܴଶ. 
 
          Each column in TABLE 3 provides the relative risk ratios associated with each mode of 
transportation, and each row is for a different independent variable. In this model, dwelling type 
has a very strong influence on whether a person is likely to bicycle. Controlling for all other 
variables in the model, a trip originating from an apartment-based household was less than half 
(rrr=0.469, p<0.001) as likely to be taken by bicycle as a similar trip originating in a house-based 
household in Toronto. People living in townhomes were slightly more likely than apartment 
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dwellers to choose bicycle trips, but still significantly less likely than house dwellers to choose 
bicycle trips (rrr=0.578, p<0.001).  

       Increased population density of the TAZ was associated with increases in walking 
compared to driving (rrr=1.08, p<0.001) while the impact on transit use, was insignificant. For 
bicycling, population density was inversely related (rrr=0.785, p<0.001) with high population 
density of the TAZ of the household location related to less cycling.  

      To more fully understand the relationship between density and apartment style housing 
two follow-up analyses were conducted: the effect of dwelling type on the coefficient for 
density; and the separation of the density effect between single family homes and others.  Results 
showed: 

1) The negative impact of density on bicycling is partially moderated by the inclusion of 
dwelling type in the model. This is evidenced by a change in the density rrr from 
(rrr=0.785, p<0.001) to (rrr=0.695, p<0.001) when the model is calibrated with, and 
without the dwelling type variable. 

2) The negative impact of density does not seem to apply to those living in single detached 
housing, but rather it only seems to negatively impact the likeliness of cycling among 
apartment and townhouse dwellers. This is seen by the inclusion of an interaction term 
between density and single detached housing, resulting in an rrr of 0.975, with no 
significance for density and an rrr of 0.775, p<0.001 for the interaction term.  

Results associated with person attributes and cycling were mostly as expected. Women were 
significantly less likely to bicycle or drive and more likely to walk and take transit than men. 
However, we did not find that the low cycling participation by apartment residents was due to 
them being female. These are separate phenomena.  
             Traffic zone attribute results were less clear. As the distance of household TAZ from the 
central business increased, the likelihood of cycling compared to driving decreased (rrr=0.712, 
p<0.001) as expected. As the individual median income of the TAZ increased so did the 
likelihood of walking compared to driving (rrr=1.091, p<0.001). Conversely, the likelihood of 
bicycling (rrr=0.792, p<0.001) and transit use (rrr=0.92, p<0.001) compared to driving declined 
as the individual median income of the TAZ increased. Higher transit level of service within the 
TAZ was associated with a slightly higher likelihood of walking and transit trips than driving, 
and lower likelihoods of cycling trips (rrr=0.785, p<0.001). Both intersection density and 
destination density had a very small positive effect on the likelihood of cycling. Cycling 
infrastructure density showed no effect on cycling in this model, although this is likely because 
of the weaknesses of the measure as described earlier in this paper, particularly the inclusion of 
recreational trails in the data sets that are difficult to categorize methodically, are not connected 
to the street network and are often in river valleys with steep egresses.  
          
DISCUSSION AND CONCLUSIONS 
It appears that cycling may not be reaching its full potential in Toronto and many residents are 
experiencing barriers to cycling related to their housing type.  In Toronto, apartment style 
dwellings shape travel by bicycle almost as much as sex, a widely-acknowledged factor in 
cycling participation in North America (48). The list of controls in this study is extensive, 
suggesting that apartment style dwellings, in a manner not yet fully understood, act as a barrier to 
bicycling.   
             Dwelling type may act as a proxy for factors that are not generally captured in 
transportation data. Lack of bicycle parking in apartment buildings in Toronto is an 
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acknowledged problem. While no studies specifically identifying shortages of parking at 
apartment buildings have been conducted in Toronto, a city-wide 2013 study of bicycle parking 
found 88% of cyclists and 80% of non-cyclists agreed with the statement ‘There is a shortage of 
bike parking in the City’ (49). The city has passed a by-law requiring indoor bicycle parking for 
building permits issued from 2016 forward (50). This bylaw does not however, address the very 
large stock of existing apartments without indoor bicycle parking, and with rules against bicycles 
in elevators and on balconies. Due to zoning regulations, apartment buildings in Toronto are 
primarily located on fast moving, wide, multi-lane arterials which generally have no cycling 
infrastructure and are otherwise considered dangerous to cycle on (51). If a person living in an 
apartment only travels on large arterials and never sees lower speed, less crowded routes, the 
possibility of safe cycling to their destinations would seem unlikely. It is also possible that poor 
health is more common in residents of apartments, with people experiencing health challenges 
more likely to choose to live in low-maintenance environments. Unfortunately, the TTS does not 
collect information on health status or the presence of activity limitations.   Although this study 
controlled for income, it was on the aggregate basis of TAZ rather than trip. Lower income of the 
TAZ was associated with a higher likelihood of cycling, but it may be that below a certain 
income, the capital costs of a bicycle are prohibitive and prevent acquisition of a bicycle. This 
very low-income level may be associated with apartment dwelling, but further research would be 
necessary to understand the relationship. 
            Smart growth policies have increased population density in Toronto (52). This density is 
positively associated with the likelihood of walking compared to driving while the relationship to 
transit is insignificant. However, population density only increases the likelihood bicycling for 
residents of houses. Residents of houses, generally located on quieter streets, are clearly cycling 
more as bicycling is increasing rapidly in the city and more and better infrastructure, such as 
separated cycle tracks is currently being installed, albeit in a limited, tentative manner. In 
Toronto, no one has successfully identified the reasons for increased cycling, however arguments 
are made that crowded and expensive transit is a primary driver, alongside a cultural shift. 
Results of this study showing cycling related to lower levels of transit service (rrr=0.785, 
p<0.001) support the first part of this theory. Overcrowded transit may mean that transit levels of 
service do not currently support increases in population density. Overall, this work supports the 
importance of population density for modal shift and suggests density is not a proxy for housing 
type and each is a significant variable.   

The presence of cycling infrastructure did not show a relationship to increased likelihood 
of cycling, as areas with very low levels of transport cycling had extensive recreational trail 
networks with few connections to destinations (43). A few researchers have found similar results 
in different jurisdictions (33). Nonetheless, most research supports a strong, positive relationship 
between cycling and infrastructure, when appropriately planned, installed and measured (30, 31, 
32). 

In future, this model should be refined with a multi-level model to remove the data 
limitations associated with the clustered trips. Other relevant factors for future research could 
include dwelling unit density in addition to population density. Square footage of residence, land, 
and associated storage may also be important factors worth exploring. 
           Going forward, barriers to cycling for apartment dwellers need to be identified and 
policies implemented to address the challenges. Further, qualitative research is needed to more 
fully understand the barriers residents of apartment buildings experience regarding cycling. 
Smart growth policies may need to be refined, with adjustments such as safe, fully separated 
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cycling infrastructure on fast-moving arterial roads, mandated bicycle parking in apartment 
buildings, and elimination of bans on bicycles in elevators and balconies. These measures may 
have the potential to significantly increase cycling mode share in Toronto.   

The impacts of this study may have relevance for planners elsewhere in the world. For 
example, the large declines in cycling in many of China’s cities have been attributed to changes 
in the built environment including busier roads and improved transit. However, residential 
density has no significant effects on the use of bicycles (35).  Since much of the population 
growth in Beijing is associated with high-rise apartments, and destruction of low-rise 
neighborhoods (53), it is possible that increased apartment housing may also be a contributor to 
declines in bicycling participation. In our literature review, we found no analysis of transport 
mode by dwelling type for other cities and it would be useful for future research to examine 
mode share and dwelling type in other urban areas to confirm the transferability of this research. 

As researchers and planners struggle to find the exact combination of influences that 
contribute to increased active transportation and reduced automobile trips, this research shows 
that including housing type and separating modes in analyses will contribute to improved 
understandings. In Toronto, housing type is associated with mode choice. The choice of cycling 
compared to driving by people living in apartments is less than half as likely when compared to 
residents in houses, while trips from apartments are more likely to be by transit or walking than 
driving than similar trips originating from houses.  

Multiple measures of urban form, “the D’s”, are used to estimate the impact on travel 
including density of population, density of employment, distance to the CBD, diversity of land 
uses, density of connections, block size, proximity to transit, and destination accessibility. The 
results of this study suggest that within these parameters, another ‘D’ factor—dwelling type-- 
should be considered as an important influence on mode choice. The robustness of this data set 
and the strong results of this analysis, suggest dwelling type will be a useful area of further 
inquiry by researchers. Large disaggregated data sets providing the necessary variables are rare, 
and so this study provides useful evidence for researchers and planners. Future research using a 
qualitative approach would help improve the understanding of why cycling is lower for residents 
of apartments.  
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TABLE 1 Data Sources, Variable Descriptions and Transformations 
 

Variable Source Original Data Description Reclassified and Transformed Data 
Description 

Primary 
mode of 
travel 

TTS  Public Transit (excluding GO 
Rail), Bicycle, Auto Driver, 
GO Rail,  
Joint GO Rail and Public 
Transit, Motorcycle, Other, 
Auto Passenger,  
School Bus, Taxi, Walk, 
Unknown  

Reduced to: 
Transit - (GO, Joint, Public Transit, 
School bus), 
Drive - (including driver, passenger, 
motorcycle, taxi), 
Bicycle 
Walk 
Other and Unknown were dropped 

Type of 
dwelling 

TTS  House, Apartment, 
Townhouse, Unknown 

House, Apartment, Townhouse, 
Unknown was dropped 

Population 
density  

TTS  Population of TAZ 
Area of TAZ 

People per square kilometer, in tens 
of thousands 

Sex TTS  Male, Female, Unknown Male, Female, Unknown was 
dropped 

Age  TTS  Ages 11 to 99 unchanged 
Age squared TTS Ages 11 to 99 Age squared 

Apartment 
& female 

TTS Female Boolean variable 
Apartment Boolean Variable 

Female and apartment = 1 
Otherwise 0 

Employment 
status 

TTS Full time, Work at home full 
time, Work at home part time, 
Not employed, Part time, 
Unknown 

Reduced to: Full Time - (full time, 
work at home fulltime), Part time - 
(part time, work at home part time), 
Not employed, 
Unknown was dropped 

Occupation TTS General Office & Clerical, 
Manufacturing & Construction 
&Trades, Professional 
&Management &Technical, 
Retail Sales and Service, Not 
Employed, Unknown  

Unknown was dropped 

Student 
status 

TTS Not a student, Part time 
student, Full time student 
Unknown 

Reduced to: Student, Not student, 
Unknown was dropped 

Driver’s 
license 

TTS Does trip taker have a driver’s 
license? Yes, No, Unknown 

Yes, No Unknown was dropped 

Transit pass TTS Combination or Dual Pass, 
GO Transit Pass, Metro Pass, 

Reduced to: No Pass (None), Pass 
(Combination GO, Metro Pass, Other 
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None, Other Agency Pass, 
Unknown 

Agency Pass), Unknown was 
dropped 

Number of 
persons in 
household 

TTS Integer unchanged 

Vehicle 
Ownership 
per person 

TTS  # of vehicles in household 
/# of persons in household 

Vehicles per person 

Individual 
median 
income of 
TAZ 

Statistics Canada 
National 
Household Survey 
2011, census 
tracts 

Individual median income per 
census tract 

Apportioned to origin TAZs from 
census tracts using area * density 
weights 

Transit level 
of service 

GTFS, 
DMTI CanMap 
Postal Code Suite, 
DMTI Route 
Logists Street 
Network File 

# of distinct transit trips 
accessible within 400m walk 
of a postal code centroid, in a 
24-hour period 

Average taken across postal code 
centroids inside origin TAZs, number 
of transit trips in thousands 

Intersection 
density 

DMTI CanMap 
Route Logistics 

Locations of three- and four-
way intersections  

Number of three- and four-way 
intersections per square kilometer, in 
tens. 

Bicycle 
infrastructur
e density 

City of Toronto 
Open Data 
v_centrelines_od_
bikeways_april 
2012 

Cycling infrastructure 
polylines 
Area of TAZ 
 

Meters of cycling infrastructure per 
square kilometer, in origin TAZ 
divided by 100 

Km. to CBD TAZ geometries TAZ geometry file Euclidean distance (km) from the 
centroid of the household location 
TAZ to the corner of King St. W. and 
Bay St. downtown. 

Km. to CBD 
squared 

TAZ geometries TAZ geometry file Distance squared 

Destination 
density at 
trip 
destination 

DMTI Spatial, 
“Enhanced Points 
of Interest”  

Enhanced points of interest 
classified by Standard 
Industrial Classification 

Number of Points of interest per 
square kilometer, within the TAZ of 
the destination 
 

Household 
location 
destination 
density 

DMTI Spatial, 
“Enhanced Points 
of Interest” 

Points of interest classified by 
Standard Industrial 
Classification 

Number of Points of interest per 
square kilometer, within the TAZ of 
the household 
 

Trip distance TTS Manhattan trip distance in 
meters 

Converted to km. 

Trip distance 

squared 
TTS Manhattan Trip distance in 

meters 
Converted to km. Distance squared 

Trip purpose TTS Home-based work (i.e. home-
to-work or work-to-home), 
Home-based-school, Home-
based-discretionary, Non-
Home-based (i.e. neither end 
is home)  
 

unchanged 
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TABLE 2 Results and Model Fit 
Description 

Number of observations 223,232 
LR chi2 (87) 184182.02 

Prob > chi2 0.0000 
Pseudo R2 .4712 
Log likelihood -103343.02 
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TABLE 3 Results Relative Risk of Bicycle, Walk, Transit Modes Compared to Drive 
 

  Mode (base drive) 

 

# of observations 223,232 Relative Risk Ratios (rrr)                                          

  Variable Bicycle Walk  Transit 
Key variables    

 

dwelling (base house)     
apartment 0.469 1.231 1.291 

 (.0249***) (.0502***) (.0295***) 
townhouse 0.578 1.116 1.22 

 (.0428***) (.0546*) (.0335***) 
population density 0.785 1.08 0.995 

 (.0242***) (.0229***) (.0144) 
Person Attributes    

 

sex (base male)    
female 0.407 0.943 1.156 

 (.0173***) (0.0316) (.0209***) 
age 1.128 1.046 1.016 

 (.008***) (.0051***) (.0025***) 
age squared 0.998 0.999 0.999 

 (.00007***) (.00005***) (.00002***) 
apartment and female (base no)    
yes 1.083 1.029 1.108 

 (.0847) (.0526) (.0318***) 
employment status (base fulltime)    
part time 1.801 1.26 1.69 

 (.0923***) (.0559***) (.0402***) 
not employed 0.869 0.831 2.001 

 (.0533*) (.0451***) (.0557***) 
occupation (base professional)    
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general office/clerical 0.78 1.089 1.199 

 (.0481***) (0.0547) (.0305***) 
manufacturing/construction 0.518 0.345 0.448 

 (.0413***) (.0300***) (.0165***) 
retail 0.635 0.72 0.863 

 (.0299***) (0.298***) (.0187***) 
student status (base student)    
not a student 0.689 0.537 1.057 

 (.0530***) (.0324***) (.0344) 
driver's license (base yes)    
no 2.426 3.451 3.31 

 (.1182***) (.1262***) (.0634***) 
transit pass (base no)    
yes 1.016 2.947 11.93 

 (0.0622) (.1156***) (.2137***) 
Household Attributes    

 

persons in household 0.584 0.723 0.742 

 (.0093***) (.0078***) (.0046***) 
vehicles per person 0.078 0.136 0.103 

 (.0049***) (.0067***) (.0028***) 
Traffic Zone Attributes    

 

individual median income 0.792 1.091 0.92 

 (.0140***) (.0149***) (.0073***) 
transit level of service 0.785 1.079 1.031 

 (.0472***) (.0311**) (.0157*) 
intersection density 1.026 1.013 0.999 

 (.0043***) (.0037***) (.0022) 
bicycle infrastructure density 0.99 0.998 1.001 

 (.0017***) (0.0014) (.0008) 
km to CBD 0.712 0.834 0.911 

 (.0128***) (.0097***) (.0060***) 
km to CBD squared 1.006 1.005 1.002 

 (.0007***) (.0004***) (.0002***) 

destination density within the TAZ of 
the trip destination 1.024 1.043 1.04 

 (.0016***) (.0014***) (.0007***) 
destination density in household TAZ 0.994 0.998 0.999 

 (.0014***) (.0006*) (.0006***) 
Trip Attributes    

 

trip distance 0.832 0.243 1.02 

 (.0046***) (.0034***) (.0009***) 
trip distance squared 1.0003 1.002 0.9999 

 (.00001***) (.00004***) (6.68e-06***) 
trip purpose (base work)    
home to school 1.395 1.522 1.78 

 (.1356***) (.0949***) (.0643***) 
home to discretionary 0.234 0.0375 0.167 
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 (.0105***) (.0015***) (.0036***) 

non home-based 0.268 0.0599 0.163 
  (.0145***) (.0028***) (.0042***) 

 standard error in ( )    

 *** Significant at the p <.001 level    

 ** Significant at the p <.01 level    

 * Significant at the p <.05 level    
 


