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Executive Summary 

Context 

This is a companion report to “Enhancing Transportation Corridors to Support Southern Ontario 

Innovation Ecosystems” which was completed in May 2016.  That report covered many 

transportation aspects associated with inter-metropolitan innovation corridors in North America 

and overseas.  Included was the concept of the “reverse commute” where a commuter lives in 

the large metropolitan area and works in the small metro of the corridor pairing.  It was noted 

that the 115km Toronto-Waterloo corridor is a fairly long one for daily commuting travel and that 

London-Cambridge in the UK may be a better corridor analogy than San Francisco-Silicon Valley 

in geographical and travel time terms. With regard to travel on Hwy 401 and other highway 

routes in the region, INRIX “big data” facilitated detailed heat maps which gave granular pictures 

of traffic congestion across the travel day at many corridor locations.  The earlier report raised 

the possibility that a well-executed conventional express rail service (not high speed rail per se) 

could help to draw the Toronto-Waterloo corridor closer together.  Express rail over a similar 

distance between London and Cambridge can complete the rail portion of the trip in as little as 

45 minutes.  

At a high level, the purpose of the current report is to use available empirical data to test out key 

scenarios that were raised in the companion report. More specifically, a joint model of 

commuting and mode choice for an area that encompasses the Greater Golden Horseshoe region 

is constructed for the purposes of this report.  Details involved in the process of devising and 

building the model are described and then the end-product is used to run scenarios which focus 

on the corridor between Kitchener-Waterloo and Toronto.  Scenarios focus on the possible 

impacts of high occupancy vehicle/toll (HOV/HOT) lanes and on a potential express rail service. 

The focus of this report is something of a niche topic in the realm of commuting behaviour – not 

much has been written about innovation corridors of lengths 75 to 150km.  The overall idea of 

the modelling and scenario effort is to build a model that reflects the current preferences and 

behaviours of commuters in the region and which is capable to estimate results based on testing 

these behaviours and preferences when new modal options for travel are made available. 

Data and Method 

The important data for the development of the model are: the 2011 Transportation Tomorrow 

Survey (TTS), INRIX speed data which captures congested travel velocities on a link-by-link basis 

for peak travel times and origin-destination scheduling tables released by public transit agencies 

in the region in the form of the General Transit Feed Specification (GTFS).  The latter enabled 

detailed rail and bus-based travel times for many origin-destination combinations to be 

estimated.  The Network Analyst extension of ArcMap was used to calculate an AM Peak 



Toronto-Waterloo Connectivity Scenarios 

Page 2  McMaster Institute for Transportation and Logistics 

congested origin-destination matrix of drive times.  Appropriate  assumptions are made to 

capture ingress and egress times are important components of total travel time for collective 

modes. 

The model seeks to explain commuting flow totals for each and every pairing of 3763 origins 

associated with TTS zones and 32 commuting destinations which have been developed as 

aggregations of TTS zones.  These 32 zones, for example, have been derived to capture more 

spatial detail in the Kitchener-Waterloo area and less detail, for example, in Niagara and Durham 

regions which are less associated with the corridor of interest.  But all commuting flows are 

considered.   Each individual commuter is not modelled but rather the aggregations of 

commuters for each pairing of zones. 

The overall modelling structure that has been implemented is a nested multinomial logit model 

implemented using three levels of sub-models: a lower level choice among four modes, a mid-

level choice among 32 destinations and an upper level binary choice regarding the choice to 

commute locally (within a 45-minute drive time) and distantly (greater than 45 minutes). The 

modes of transportation that act as choice alternatives in the model are:  Vehicle-as-driver, 

Vehicle-as-passenger, Rail, and Bus. 

Empirical Results and Characteristics of the Final Model 

Some important observations based on empirical data are as follows: 

 In the AM peak, the TTS data suggests that there are 177,012 commuting trips to work 

within the region that are distant commutes and 2,151,198 commutes that are local 

commutes.  As such, 8.2% of commutes are characterized as distant and these are a 

particular focus for this study. 

 A series of figures/graphics reflect strongly that commuter rail is focused on serving 

commutes that terminate in a very small core central business district area of Toronto.  

Commutes that terminate even a relatively short distance from this core are much less 

likely to be oriented to rail.  

 While commuter rail is focused on serving the heart of Toronto, there are selected origin-

destination pairings where rail is a very competitive modal option for commuting or is 

even the dominant modal option.  These results indicate that there is potential for rail 

service to be even more effective if further developed.  

 Commutes into the Kitchener-Waterloo region from other regions are absolutely 

dominated by automobile travel to the point that other modes do not really register in 

the TTS data. 
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The final calibrated model yields a range of statistical results but some of the most important are 

as follows: 

 Choice of mode is (not surprisingly) dominated by expected time to complete the trip by 

each mode.   This is a good general rule across the multitude of origin-destination pairings 

where in many cases rail and bus modes are not very attractive options.  Ingress and 

egress times are quite important for collective modes (rail/bus). 

 There is a fairly strong result that selection of the bus mode is positively associated with 

higher levels on the urban hierarchy while favourable evaluations of the commuter rail 

mode are more associated with lower levels on the urban hierarchy.   

 The availability of varied modal options does impact where people choose to commute 

but the impact is partially discounted relative to the “basics” of a possible commute such 

as travel distance. 

 In modelling commuting flows between origin-destination pairings, total jobs at 

commuting destinations is shown as an important measure of the opportunity that 

people perceive when making the choice of a destination to work.   

 A rail capacity variable related to the frequency of AM peak trains shows positive and 

significant results. 

 High job counts also significantly impact whether people work locally or distantly.  In the 

K-W to Toronto commuting context the share of jobs located locally is small compared to 

those located distantly.  In the Toronto to K-W context, the share of jobs located locally 

is very high.  Results suggest that high job counts, whether local or distant, are strongly 

and positively associated with the ultimate destination of commutes. Model predictions 

suggest that in the core of Toronto, there is only a 1-2% chance of making a distant 

commute.  In contrast, the predicted probabilities for a distant commute are much higher 

in K-W and in the order of 10-15% for many origins.  

Scenario Results 

In the first set of scenarios, an express rail option was added between the cores of Toronto and 

Kitchener-Waterloo.  To accomplish this in the model, an additional mode (alternative) was 

added to the four that already existed.    The results suggest that while capacity/number of trains 

has a reasonably strong impact in generating demand for express train trips, the more important 

aspect is how long the rail portion of an overall trip takes.  At 60 minutes the demand is quite 

considerable (between 1572 and 3260 rail commutes depending on number of peak trains) but 

at two hours there is very little demand at all, regardless of the number of trains. Ingress and 
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egress times associated with the express rail mode mitigate against demand.  Due to the 

dominant impact of job (opportunity) density in the model, the rail flows are predicted to be 

sharply unbalanced with negligible express rail trips predicted from Toronto to Waterloo. The 

model does predict that express rail would be a highly competitive option for those choosing to 

commute to Waterloo but the model predicts few that would be willing to make this daily 

commute regardless of mode. A future data collection exercise is proposed to enable a more 

nuanced and segmented analysis of the potential for this “reverse commute.” 

Scenarios associated with adding high occupancy vehicle/toll (HOV/HOT) lanes on Hwy 401 are 

implemented essentially by appropriately reducing estimated directional travel times. HOV/HOT 

lanes are assumed on Hwy 401 from Hwy 8 to Hwy 427. Some commuting trips are highly 

leveraged to Hwy 401 and others are not.  A trip from K-W to Toronto falls into the former 

category as it makes extensive use of Hwy 401 while a trip from K-W to Hamilton is much less 

leveraged to Hwy 401 and it is thus harder for the addition of HOV/HOT lanes to induce driving 

commutes. In the analysis, the HOT lane concept is not assessed in terms of the economics of a 

trip or the impacts of dynamic pricing on HOT lane uptake.  Other caveats are noted in the report. 

In common with the express rail scenarios, improved travel times are shown to be of paramount 

importance in affecting commuting patterns.  But results indicate that improved times on Hwy 

401 have the potential to induce trips associated with a larger range of origin and destination 

pairings.  The automobile mode does not suffer from the problems of ingress/egress logistics to 

nearly the same extent as collective modes.  For a 10% improvement in travel times in both travel 

directions a total of 2616 longer-distance commutes would be induced and at 25% travel time 

improvement this is estimated to increase to 9312 additional longer-distance commutes.  These 

would be on top of the approximately 177,000 long-commutes that are empirically present based 

on 2011 TTS data.  An extensive array of maps are compiled in the report to illustrate the spatial 

patterns of induced commutes.  In many ways, the patterns are similar to what was seen with 

express rail in that more eastbound trips are induced than westbound due largely to the 

prevailing ratios of job opportunities.   

Conclusions 

Some of the most important findings that have emerged from this work are as follows: 

 Simulation results suggest that travel time really matters in affecting longer distance 

commuting behavior.  Express rail scenario results suggested 3 to 4 fold differences in 

ridership depending on whether the express rail trip  between Union Station and the core 

of Kitchener-Waterloo (K-W) would be completed in 60 minutes or 90 minutes. 

 Ingress and egress times to get to and from collective modes of travel are shown to be a 

barrier to increased ridership in this analysis.   
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 Enhanced travel times along Hwy 401 due to HOV/HOT lanes showed a similar dynamic 

as express rail in that it was more difficult to induce large volumes of westbound travel 

relative to eastbound travel. 

 A 25% savings in travel time along Hwy 401 was estimated to be more than 3 times more 

powerful in inducing new longer distance commutes than a 10% travel time savings. 

 Overall, the scenario result suggest little in the way of modal “cannibalization.”  In other 

words, when a new travel improvement was made, the gain in trips was largely not made 

at the expense of reduced trips on other modes.  The majority were new commuting trips.  

Further study on this aspect could be required using primary data that is suggested below. 

 The impact of these same variables on the workings of the final model suggest that the 

reverse commute scenario (i.e. living in downtown Toronto and working in Kitchener-

Waterloo) is a very low probability scenario for the average worker.  Forecast express rail 

commuters for the reverse commute were negligible.  Simply, the strength and 

significance of basic aggregate job count variables in explaining longer distance 

commuting flows in the region was not anticipated at the outset. 

 Especially when ingress times are minimal (and assuming a price competitive service), the 

model suggests that express rail could compete well with other modes. This is not the 

same as saying that demand for rail would be high in all contexts (see previous point). 

 To understand “outlier” behaviour (e.g. one-way daily commutes of over 100km), it is not 

sufficient to develop a choice model on aggregated survey data as has been done in this 

report.  Detailed micro-data on choice behaviour is required and it is likely that 

hypothetical stated preference choice scenarios are required to understand the trade-

offs people make in deciding upon long commutes. See Future Work below. 

Future Work 

Further work may be required to better understand the potential for the “reverse commute” 

scenario where a worker would choose to live in Toronto and work at the opposite end of the 

innovation corridor in Kitchener-Waterloo.  A targeted sample of core-Toronto professionals 

could be surveyed with a stated preference approach that would seek to understand their choices 

about where to live and work and to understand the trade-offs that they would or would not be 

willing to make. To understand trade-offs, respondents would be presented with several 

scenarios where attributes such as commute time, ingress/egress time, remuneration and other 

aspects could be varied in scenarios according to a rigorous experimental design.  
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Introduction 

This report seeks to outline the process to build, and the results that emerged, from a joint 

commuting choice/mode choice model that has been developed for the Greater Golden 

Horseshoe Region.  The intention of the model is to carry out selected transportation connectivity 

scenarios that impact, in particular, the corridor between Toronto and Waterloo.  The work 

reported here builds on and assumes knowledge of a companion project report for Phases I and 

II (Ferguson et al., 2016).    

It is important to note that this model has been developed as a resource that can be used in the 

future.  It could be fairly easily updated when a new version of the Transportation Tomorrow 

Survey is released. The model could be used for a range of scenario possibilities but the current 

report focuses on:  1) the impact of HOV/HOT lanes on Hwy 401, in terms of how they might 

affect longer-distance commuting choice and 2) the development of an express rail service 

between the hearts of Toronto and Kitchener-Waterloo.  As such, the essential objectives of this 

work are to describe and outline the model that has been developed, to report on findings 

associated with these two scenarios, and to outline possible implications for future research. 
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The focus of this report is something of a niche topic in the realm of commuting behaviour.  There 

is not a great deal written about innovation corridors of lengths 75 to 150 km and also, there 

appears not to be much written on the commutes associated with this range of distances.  Studies 

which have some relevance in terms of commuting are highlighted in Table 1-1. It is fair to say 

that the emphasis in these studies is on different research questions than the focus of this report.  

Table 1-1:  Overview of Past Studies Oriented to Longer-distance Commutes 

AUTHOR METHOD/S DATA SOURCE TRAVEL CONTEXT FINDINGS 

Axisa et al. 
(2012) 

Multiple Linear 
Regression 

Census of 
Canada, 2006 

Factors influencing 
the commuting 
distance of workers 
in Toronto’s 
commuter shed in 
Canada 

Recent migrants and / or 
residents of most 
accessible rural areas of a 
larger city commute 
longer distances. 

 

Bhat (1995) Multinomial 
Logit Model, 
Nested Logit 
Model and 
Heteroscedastic 
Extreme Value 
Model 

Rail Passenger 
Review 
assembled by 
VIA Rail, 1989 

Intercity business 
travel by car, train or 
air between Toronto-
Montreal Corridor in 
Canada 
 

Travel time is more 
important to travellers 
than the travel cost or 
frequency of service for 
long-distance travel. 
Choice between travel by 
air or train is highly 
influenced by income.  

 

Cervero 
(2002) 

Multinomial 
Logit Model  

Household 
Travel Survey 
compiled for 
the 
Metropolitan 
Washington 
Council of 
Government 
(MWCOG) 
region, 1994. 

  

Influences of built 
environment on 
travellers' mode 
choice behaviour in 
Maryland, USA 

Residents of high density 
and mixed use areas are 
more inclined to adopt to 
transit systems. 

Champion 
et al. (2009) 

Binary Logistic 
Regression 

Individual 
Controlled 
Access 
Microdata 
Sample of the 
Census of 
Population, 
2001 

Observing the 
commuting distance 
of recent in-migrants 
to rural settlements 
in England 

Recent migrants and / or 
migrants coming from 
largest cities commute 
longer distances. 

Dissanayake 
and 
Morikawa 
(2010) 

Nested Logit 
Model 

Household 
Travel Survey 
in the Bangkok 
Metropolitan 

Investigating 
household travel 
behaviour in respect 
to vehicle ownership, 

Household vehicle 
ownership, mode choice 
and trip sharing decisions 
are affected by distance 
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Region, 
1995/96. 

mode choice and trip 
sharing decisions in 
Bangkok, Thailand  

from Central Business 
District (CBD), long-
distance travel, household 
income, job-status, age of 
traveller and presence of 
school-going children in 
households. 

 

Holz-Rau et 
al. (2014) 

Heckman 
Models and 
Ordinary Least 
Squares 
Regressions 

National 
Household 
Travel Survey 
"Mobility in 
Germany" 
(MID), 2008 

Spatial effects on the 
travelled distances of 
individuals in 
Germany 

Residents of high density 
and mixed use areas travel 
shorter distances daily, 
but engage in infrequent 
long-distance trips more 
than others. 
Higher education and 
income positively affects 
private long-distance trips. 

 

Limtanakool 
et al. (2006) 

Binary Logit 
Model 

National Travel 
Surveys from 
the UK and the 
Netherlands, 
1998  

Effects on the 
participation in 
medium and long 
distance travel by 
travellers’ 
socioeconomic 
situation, day of 
travel, time 
availability and the 
urbanisation pattern 
in UK and 
Netherlands 

Mode choice decisions for 
medium- and long-
distance trips are affected 
by division of labour 
within households and car 
allocation mechanisms. 
Males and individuals with 
a higher socio-economic 
status are more likely to 
engage in medium- and 
long-distance travel. 

 

Mahmoud 
et al. (2015) 

Multinomial 
Logit Model and 
a predeveloped 
Discrete Choice 
Model 

Survey of 
Cross-Regional 
Intermodal 
Passenger 
Travel (SCRIPT), 
2014, and 
Transportation 
Tomorrow 
Survey, 
2011/12 

 

Mode choice 
behavior of cross-
regional commuters 
in Greater Toronto 
and Hamilton Area, 
Canada 

Access, egress, and 
transfer times have the 
highest negative impact of 
travel time components 
on the utilities of transit 
modes. 

Manaugh et 
al. (2010) 

Ordinary Least 
Squares 
Regression, 
Simultaneous 
Equation Model 

Montreal 
regional 
Origin–
Destination 
Survey, 2003, 
and Canadian 
Census Data, 
2001 

Effect of 
neighbourhood 
characteristics, 
accessibility, home–
work location, and 
demographics on 
commute distances  

Personal attitudes and life 
style strongly influence 
travel distance. 
Commuters driving longer 
distances prefer larger 
houses at better price 
and/or a certain life-style. 
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Maoh and 
Tang (2012) 

Multivariate 
Regression 
Analysis 

Census of 
Canada, 2006 

Factors affecting 
normal and extreme 
commute distance in 
Windsor, Canada 

Residents of mixed land 
use areas travel shorter 
distances. Longer 
commutes are more 
influenced by land use, 
while normal commutes 
are more influenced by 
socioeconomic factors. 

 

Morency et 
al. (2011) 

Multivariate 
Linear 
Regression with 
spatially-
expanded 
coefficients 

The Greater 
Toronto 
Transportation 
Tomorrow 
Survey, 2001 
and Montreal’s 
Travel Survey, 
2003 

Factors affecting the 
traveled distance by 
elderly, low-income 
people and members 
of single-parent 
households in 
Hamilton, Toronto, 
and Montreal, 
Canada 

 

Single-parents and seniors 
have the lowest levels of 
mobility and hence lower 
travel distances. 

Ogura 
(2010) 

Gravity Model Census 
Transportation 
Planning 
Package (CTPP) 
assembled by 
the US Census 
Bureau, 1990 

 

Effects of Urban 
Growth Controls on 
Intercity commuting 
in California, USA  

Restricted residential 
growth increases number 
of incoming commuters to 
an area in case of intercity 
travel. 

Sandow and 
Westin 
(2010) 

Multiple Linear 
Regression and 
Multinomial 
Logistic 
Regression 

Longitudinal 
register data 
for year 2000 
from the 
database 
ASTRID 
managed at 
Statistics 
Sweden (SCB) 

Duration of long-
distance commuting 
and the 
characteristics of 
short- and long-
distance commuters 
in Sweden 

Duration of long-distance 
commuting is positively 
affected by high income, 
previous experience with 
long-distance commuting, 
partner's commuting 
distance, presence of 
children aged 7-17, and 
residential location 
outside city's labour 
market.  

 

Srinivasan 
et al. (2006) 

Panel Rank-
Ordered Mixed 
Logit Model 

Stated 
Preference 
Survey 
administered 
by The City 
College of New 
York, 2003/04 

Mode choice for 
intercity business 
trips incorporating 
trade-offs between 
improved security 
levels and increased 
travel times in USA 

The utility of air mode 
decreased with increasing 
inspection and boarding 
time. 

Possibly the most intriguing study for the purposes of this research is by Mahmoud et al. (2015).  

This study leverages a primary data collection exercise to assess commutes across regions within 

the Greater Toronto-Hamilton Area.  However, the study does not include the Kitchener-
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Waterloo region and does not appear to feature the same emphasis on the truly longer daily 

commutes of over 75km.  It is quite possible to move between regions within the GTHA without 

travelling a particularly long distance. 

Apart from this brief introductory chapter, this report is structured as followed: 

 Chapter 2 discusses the data that has been used for this analysis and the methodology 

that has been applied to derive insights from these data 

 Chapter 3 is results-oriented and offers the results from three perspectives.  The first is 

figures that offer empirical highlights to commuting data within the study area.  Second 

is the interpretation and description of the statistical model that was developed.  Third is 

the presentation of maps, figures and tables based on applying the developed model in 

scenarios. 

 Finally, Chapter 4 is a brief concluding chapter that describes what has been found and 

potential for future research. 

 



Toronto-Waterloo Connectivity Scenarios 

McMaster Institute for Transportation and Logistics Page 11 

2.0 DATA AND METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

Data and Methodology 

The purpose of this chapter is to describe the conceptualization of this model and to offer details 

on the data that support it. 

2.1. Use of Transportation Tomorrow Survey 

The 2011 Transportation Tomorrow Survey (TTS) is the most important source of data for this 

analysis.  The survey, which is carried out every five years, is approximately a 5% sample of 

households in the study area and comprehensively captures trip-making behaviour of household 

members.  The survey has always been focused on the Greater Toronto Area but the Region of 

Waterloo has been included as of 2006 which has been useful for this project.  While the TTS 

captures all types of trips within the study region, the focus in this report is on commuting trips.   

It is very important to note that the model developed is based on the TTS data that are made 

available to the public.  As such, the model is based on aggregate commuting flows between 

regions as opposed to individual commuting flows that are available with micro-data.  For reasons 
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that will be made clear later in this report, even a micro-data version of this model built on TTS 

data would suffer from some limitations. 

2.2. Geography 

In geographical terms, the approach that has been used is to utilize 3763 origins that correspond 

to the zones employed in the Transportation Tomorrow Survey.  On the other hand, destinations 

are being treated in a higher-level manner.  In this form of discrete choice model, origins are 

associated with observations or “cases” and destinations are associated with model choice 

alternatives.  A large number of alternatives is more challenging to manage than a large number 

of observations and poses greater computational burden; this explains some of the rationale for 

the use of aggregated destinations.  Also, it can be argued that actually representing the 

thousands of zonal alternatives in the study runs the risk of “missing the forest for the trees.”  

This is a model of long distance daily commuting; the precise destination matters less than the 

fact that the destination is located a significant distance from the origin. 

From the origin perspective, a full set of 3763 TTS zones are being used.  From the destination 

perspective, 32 zones have been created as aggregations of TTS zones.  These are illustrated at a 

high level in Figure 2-1 and some of the small zones of the 32 are illustrated through insets in 

Figure 2-2.  The higher level map shows that some of the spatial alternatives (e.g. Durham Region) 

are very large indeed.  These are included mostly to provide a complete accounting of long-

distance commuting trips within the region. More detail is evident for the triangle defined by 

Kitchener-Waterloo (K-W), Toronto and Hamilton which also defines the focus area for this study. 

The small, more targeted zones are located in the cores of Toronto, Kitchener-Waterloo and 

Hamilton and are meant to align with rail-based public transit.  Their inclusion in the model as 

specific alternatives means that more precise egress times can be assumed for the rail and bus 

modes.  In this analysis, egress time is the estimated time in minutes that it takes to travel from 

a train or bus station of arrival to the final destination. The egress time associated with 

automobile travel is assumed here to be minimal as parking adjacent to the final destination is 

assumed.  On the other hand, if one arrives in Kitchener by express rail, one may well need to 

take light rail to get to the final destination.    

The destination zone in the core of K-W has been configured to align with the prospective light 

rail corridor.  This is also the case in Hamilton.  In Toronto, the core subway loop bounded at the 

north by Bloor Street is the focus for that targeted zone.  It is assumed that if an express train 

arrives in Union Station, the destinations within that zone can be reached within a few minutes 

either by walking and/or the subway.  
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Figure 2-1: Overview of Destination Zones as Modelled 
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Figure 2-2: Modelled Destinations with Zoomed Insets 
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2.3. Mode Choice Alternatives and Commuting Flow Data 

The modes of transportation in the TTS data consist of Public Transit (excluding GO Rail), GO Rail, 

Joint GO Rail and Public Transit, Auto Driver, Auto Passenger, Motorcycle, Bicycle, School Bus, 

Taxi and Walk.  Because this study focuses on longer-distance commutes, the modes related to 

shorter distance commuting (i.e. bicycle, walk) have been removed. Others, such as taxi or school 

bus, account for a tiny proportion of commutes or are not relevant for the current study.  

In the final dataset used for modelling purposes, the modes of transportation that act as mode 

choice alternatives in the model are:  Vehicle-as-driver, Vehicle-as-passenger, Rail, and Bus.The 

first two are associated with single-vehicle travel.  The “Rail” alternative has been derived from 

the two options: GO Rail/Joint GO Rail-Public Transit.  The “Bus” alternative has been derived 

from the Public Transit option.  Since shorter commutes are effectively screened out of the mode 

choice model (see below), the “Bus” alternative is capturing GO Bus trips as opposed to, for 

example, TTC subway trips. 

Using the publically available aggregate data from the TTS survey, the weighted/expanded 

commuting trips between 3763 origin zones and 3763 destination zones were extracted. This was 

done for time periods that might reasonably be associated with an AM commute and ranges from 

4am to 10am.  Some commutes to work take place outside this period and are not considered in 

the current analysis.  Initially, the very large matrices of AM commuting trips by modes were 

maintained.  Largely, this was because we wished to accurately define from each origin the 

commuting trips that would be within a 45 minute drive time or not. Upon accomplishing this 

objective, the focus was on 3763 by 32 commuting matrices for each of the four modes just 

outlined. 

2.4. Calculating Trip Durations 

Since one main objective of this model is to capture the essence of what it is like to commute 

longer distances in this region, the calculation of representative travel times across the modes is 

very important.   The following points cover the main elements of the processes that took place: 

 AM Peak travel was assumed 

 In general, the assumption was made that trips could be made between all pairings of 

origins and destinations by any of the modes.  In the case of rail and bus modes, this 

meant that ingress or egress times to actually get to and from the main mode of travel 

could be quite lengthy. 

 For calculation of “vehicle as driver” drive times, the Network Analyst extension of 

ArcMap was used to calculate an origin-destination matrix. 
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 Estimated drive times assume the average level of congestion, per component road link, 

as represented in the 2015 INRIX data. An assumption was made that commuters make 

commuting choices using a “worse than average” scenario.  As such, driving times that 

are actually used in model calibration are scaled up (somewhat arbitrarily) by 20% from 

the INRIX/Network Analyst results.  Calculation of vehicle drive time was set up for 7:10 

AM for Thursdays. Obviously other selections could have been made but our analysis of 

INRIX data suggests that Thursday is a good representative weekday. 

 A 3763 by 3763 matrix of drive times was developed.  The set of drive times from each 

TTS origin were used to determine which destination TTS zones would be considered in 

the “local commute” category and which would be in the “distant commute” category 

using 45 minutes as the breakpoint.  For the purposes of model calibration, a 3763 by 32 

subset of the very large drive time matrix was extracted and this small matrix was the 

main matrix used. 

 Estimated “Passenger in Vehicle” travel times are similar to the scaled up drive times but 

a 10 minute extra time is assumed for travel logistics of pick-up/drop-off.  This has 

proportionally less impact for longer trips and more for shorter trips.  Clearly, there can 

be variations in the time required for such travel logistics but the data are not readily 

available. 

 For the calculation of Transit Times (by rail and/or bus), a separate network dataset was 

made using the data from General Transit Feed Specification (GTFS). The GTFS has a 

common format for public transportation in a region, as well as the associated geographic 

information.   Collected data are used to develop the transit-based network dataset in 

ArcMap. 

 Public GTFS data was collected from online sources for various transit agencies across the 

Greater Golden Horseshoe (e.g. Barrie, Brampton, Burlington, Durham, Guelph, 

Mississauga, Oakville, Toronto Waterloo and York). Data could not be retrieved for Halton 

Hills, Milton, Woolwich Planning Districts and Wellington County. Data in this format were 

also collected from GO Transit which is the most important transit agency for this study 

given its focus on longer commutes.  

 A data set of 146 GO transit hubs in the Greater Golden Horseshoe was developed taking 

particular account of locational co-ordinates and whether the hub was a rail station, a bus 

station, both or neither. 

 A 66 by 66 matrix of travel times was developed to capture rail-based travel times that 

would be expected for travel between GO rail or rail/bus stations. 
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 A 146 by 146 matrix of travel times was developed to capture bus-based travel times that 

would be expected for travel between all GO locations.  To keep these results purely bus-

based, the rail network was not utilized in the calculations.  Local transit routes were also 

taken into account here. 

 In compiling the transit/rail-based travel time matrices above, it was noticed that the 

travel times were dependent on the arbitrarily chosen departure time within the AM peak 

period.  If a departure time was selected that did not align well with, for example, a 

scheduled train, then the travel time would be longer.  Accordingly, travel time matrices 

were generated assuming a range of departure times and a composite origin-destination 

matrix was derived based on the minimum times associated with each origin-destination 

pairing.  This assumes that people arranged departure times from their origins to align 

with rail/bus schedules. 

 Ingress times from 3763 origins to transit were calculated to 66 primarily rail stations and 

to 146 GO locations. Ingress times to GO are based on a general assumption of automobile 

travel though this would not always be the case in reality.  Drive times are estimated and 

then scaled up and a few minutes are added as a buffer for the mode transition. There is 

no perfect assumption here, especially given the aggregate nature of the data.  Since 

there are fewer locations to access rail, ingress times for a rail trip are higher on average 

in the region. 

 Egress times from transit to the 32 regional destinations are also estimated.  This is done 

from the 66 primarily rail stations and also from the 146 GO locations.  In the case of the 

spatially compact destinations in the hearts of downtown Toronto, K-W and Hamilton,  

estimated egress times to these destinations will be quite representative.  In the case of 

large destinations (e.g. Region of Durham) general averages are assumed which 

introduces more error in the regions that were less important for this study.  No network 

times were calculated for these general egress times:  the times are best-guess estimates. 

 Rail travel times are effectively estimated as “GO Rail” travel times as the VIA rail option 

falls into an “other” category in the TTS data set. Times are taken as the sum of estimated 

ingress and egress times to and from 66 GO Rail stations plus estimated train travel time.   

Time is allowed for a transition between modes.  

 In summary, for vehicle-as-driver and vehicle-as-passenger modes, ingress and egress 

times are assumed to be effectively zero though this may not always be the case.  For the 

rail and bus modes, ingress and egress times to the stations are very significant 

components of the overall estimated travel times between TTS zone origin-destination 

pairings. 
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2.5. Rail Capacity/Frequency 

An explanatory variable is developed for the model that accounts for the number of trains 

operating during the AM peak period between pairings of GO train stations.  The variable has 

been derived manually from GO schedules.  We find that for some pairings of origins and 

destinations (particularly those ending at Union Station) there can be between 15-20 trains 

during the AM peak.  It can be hypothesized that the better the service in terms of 

capacity/number of trains, the more attractive this mode of travel relative to other modes.   

 

2.6. Demographics and Socio-economics 

The demographic and socio-economic variables have been generated for this analysis have been 

calculated from two sources:  the 2011 TTS data and the 2011 National Household Survey. The 

TTS data has information about households in a TAZ, about each person in a household, and 

about each trip made by each person. The variables developed and available for use in the model 

include: full-time employees per household, percentage of households that live in detached 

dwelling and owned dwellings, average trips per household and average age of household head.  

The derived results for these variables are quite “clean” because they are all covered in the TTS 

survey. 

On the other hand, the process to use National Household Survey (NHS) data is more involved 

because census geography does not correspond to the TTS zonal system.  In general, TTS zones 

are of similar size to census tracts but there are many significant differences.  The approach used 

in this report was to employ NHS data at the dissemination area level (generally small census 

areas, especially in urban areas) and to make the assumption that associated data applies to the 

TTS zone in which the dissemination area is located.  In most cases, there are many dissemination 

areas per TTS zone and for variables such as income, it is necessary to calculate a weighted 

average of dissemination area results to derive the estimate for a TTS zone. This approach is not 

error free in outlying areas where dissemination areas can be fairly large and may not overlap 

well with TTS zones.  The latter situation is very much in the minority and overall the approach is 

adequate for our purposes. 

Use of this approach produced estimates of TTS zone variables for some additional aspects not 

covered in the TTS survey such as household income, education, dwelling type, dwelling 

ownership status and a few others. 
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2.7. Decision Structure 

While it is beyond the scope of this report to get into the mathematics of the nested multinomial 

logit model that is developed, it is useful to understand the general structure of this discrete 

choice model. It is illustrated in Figure 2-3.  Some relevant points to consider are as follows: 

 The modelling structure is implemented using three levels of models: a lower level choice 

among four modes, a mid-level choice among 32 destinations and an upper level binary 

choice regarding the choice to commute locally or distantly. 

 A local commute relates to origin/destination pairings that are separated by an estimated 

drive time of less than 45 minutes; a distant commute applies to pairings separated by 

over 45 minute drive time.  On this basis, the TTS data suggests that there are 177,012 

commuting trips within the region that are distant commutes and 2,151,198 commutes 

that are local commutes.  As such, 8.2% of commutes are characterized as distant.  The 

selection of 45 minutes in particular is somewhat arbitrary. 

 The modelling structure below is conceptualized to focus on the relatively small 

percentage of commutes that are distant as these are most relevant for the overall 

research problem of understanding long commutes along this corridor. 

 Some models were constructed using a demarcation point of 30 minutes but this greatly 

increased the share of local commutes.  The choice was made to focus more specifically 

on the longer commutes by using the 45 minute demarcation. 

 The overall nested structure of the model helps to address the somewhat restrictive IIA 

(Independence from Irrelevant Alternatives) property of the multinomial logit model.  

Indeed, the results section will show that the nested structure itself proves to be 

significant.   There have been applications of mode choice models where the modes 

themselves are split into nests (e.g. private transit/public transit) but the thinking here 

was not to overly complicate a model structure that is already fairly involved 

 The IIA property is most harmful when pairings of alternatives are equal substitutes for 

one another (e.g. the famous red bus/blue bus example where the transit customer would 

not care about the colour of the bus).  In this case, especially for a long commute, we are 

arguing that the four alternatives offer distinct value propositions.  There are some cases, 

for example, where rail is a very poor substitute for driving perhaps due to an 

unreasonably large or out-of-the-way ingress time simply to access a train. 

 It can certainly be argued that the choice of where to work will take into account trips 

both to and from work.  Here we use the AM trip as a surrogate for the return trip. 
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 Some thought was given to building the final choice model on the “Professional – 

Management – Technical” category of commuters only but there was concern with having 

too few commuters to model (especially with the 45 minute demarcation between local 

and distant) and also it is true that new road or rail services succeed or fail based on more 

than just the usage of professional/technical workers. 

 

Figure 2-3: Decision Structure for the Nested Logit Discrete Choice Model 
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3.0 RESULTS 

 

 

 

 

 

 

 

 

 

 

 

Results 

This results chapter has three main components.  Initially, it outlines some useful empirical modal 

results from the expanded TTS 2011 survey data. Secondly, the actual details/composition of the 

model that has been developed are described and insights are offered into how the model works.  

The third main component is a presentation of the findings related to the scenarios themselves.  

For example, what does the model predict when rail connectivity along the corridor is improved? 

3.1. Overview of Empirical Commuting Data 

For the 32 region zonal system it is useful to describe existing commuting flows as characterized 

by the expanded survey. A series of figures below (Figures 3-1 to 3-5) show these commuting 

flows using modes and regions as defined in the calibrated model.  It is important to note that 

these are based on an expanded version of survey data and are estimates.  For the purposes of 

the modelling exercise to come, these data are treated as observed data.  These figures are quite 

detailed and zooming in may be required to see all of these details.  The pattern based on colour-

coding can be seen more easily. Figure 3-1 shows all commutes while the other four figures show 

commutes between regions one mode at a time.  The figures are oriented to the AM commute 

and portray workplaces as destinations. 
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Figure 3-1 shows the pattern for all commuters, regardless of mode.  From this information, it 

becomes clear that the vast majority of commutes in the region are relatively short distance and 

many are intra-zonal.  It is also clear that the commute totals for trips between the core of 

Toronto and the core of Kitchener-Waterloo are quite negligible relative to large-flow pairings.  

For this pairing, there are more trips that are flowing toward Toronto than toward Kitchener-

Waterloo. Relative to overall outflows from the Toronto regions, however, the trip totals to K-W 

are even less significant.   Overall, the table represents approximately 2.4M trips but bear in mind 

that only about 177K of these are modelled in the “distant commute” nest. In Figure 3-2, the 

focus shift to the “Vehicle-as-driver” mode and the most striking thing about the pattern is that 

it does not differ much from the one in the prior figure.  This mode of travel comes across as a 

well-rounded mode in terms of its ability to serve a wide range of origin-destination 

combinations.  This mode accounts for about ¾ of all commutes in the region. Figure 3-3 is 

“Vehicle-as-passenger” and again, we see a similar type of diversified pattern though somewhat 

patchier and certainly with comparatively small quantities. 

Figures 3-4 and 3-5 relate to the true collective modes of travel.  The former covers travel where 

GO Rail defines the heart of the trip.  Other modes, such as driving or public transit may be 

involved for ingress or egress to and from GO Rail in order to complete the overall trip.  The most 

striking aspect of Figure 3-4 is the small number of the 32 zones that show up in the data as actual 

workplace destinations through this mode.  Of the ones that do, the small “Toronto TTC” 

alternative, centred on the Toronto central business district is by far the most important.  That 

destination is over 8 times more important for GO Rail than the 2nd most important “Toronto 

Downtown” region.  The latter is a relatively small, central and focused region but is much less 

important for GO train oriented trips.  This shows that ingress/egress times seem particularly 

important when trips segments cannot be easily made by automobile. 

For Figure 3-5, dealing with GO Bus/Public Transit, the pattern of trips shows a series of regional 

“blocks” with the most intense block by far being one that focuses on trips between Toronto 

zones.  In secondary urban centres, such as Hamilton and Kitchener-Waterloo, the transit blocks 

are clearly much less intense. For the purposes of the “distant commute” nest of the model to 

be developed, these localized commute blocks are not particularly relevant. Instead the focus is 

on GO Bus trips that cover longer distances and show up in fairly small quantities in Figure 3-5. 

Please note that this series of figures is replicated in the Appendix as Figures 5-1 through 5-5.  

This latter set of figures focuses on the commutes of the “Professional - Management -Technical” 

class of workers who are quite relevant for innovation clusters and corridors. 
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Figure 3-1: AM Peak Commutes between 32 Regions 
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Figure 3-2: AM Peak “Auto as Driver” Commutes between 32 Regions 
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Figure 3-3: AM Peak “Auto as Passenger” Commutes between 32 Regions 

 
 

 
 



Toronto-Waterloo Connectivity Scenarios 

Page 26  McMaster Institute for Transportation and Logistics 

Figure 3-4: AM Peak “GO Rail” Commutes between 32 Regions 
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Figure 3-5: AM Peak “GO Bus/Transit” Commutes between 32 Regions 

 
 

Two other figures (Figures 3-6 and 3-7 below) have been developed that show the different 

modes at once but which focus on modal share for specific origin-destination combinations.  

These were made prior to the development of our 32 zone system and reflect TTS planning 

districts and regions.  These figures are shown and then described further. 
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Figure 3-6:  Modal Shares for Important Rail-Oriented Origin Destination Combinations 
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Figure 3-7:  Modal Shares for Relevant Commuting Trips into Kitchener-Waterloo Region 
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Figure 3-6 above focuses on those origin-destination combinations within the study region where 

rail is most important.  The approximate distance of the trip for the origin-destination 

combination is noted as well as the number of commuting trips by mode.  These are the numeric 

labels on the bars.  The O-D combinations are ranked in descending order of rail share.  The 

results do suggest, that under the right set of circumstances, commuters are willing to use rail as 

the main part of their commute and that sometimes rail can dominate the other modes.  This 

appears to be the case for certain outlying origins travelling to the heart of Toronto. The figure 

makes it clear that planning district 1 is enormously important as a destination.  Our “Toronto 

TTC” zone captures the heart of planning district 1. Moving down the list, the rail share declines.  

Other planning districts in Toronto are more often the destinations and associated GO Rail lines 

are not providing the same frequency/capacity that is available on the Lakeshore West line.  In 

some of these cases, there is evidence of how GO Bus is helping to fill the gaps in the absence of 

a viable rail option. 

Figure 3-7 focuses on commutes of length over 25km with workplaces in the K-W region and 

provides a strong contrast to Figure 3-6.  The rows of the figure are sorted in descending order 

of the number of commutes associated with each origin-destination pairing. The dominance of 

automobile commuting (either as driver or passenger) is very clear.  Some contributions are also 

being made by GO Bus but there is a complete absence, in the results, of commuting into K-W by 

rail.  These results are somewhat relevant for an express rail link that might join K-W to Toronto.  

For such a service to be successful, it would require a big change to the type of pattern we 

observe in Figure 3-7. 

3.2. Results of Calibrated Model 

The purpose of this section is to describe the model that has been developed to explain 

commuting flows outlined in the previous section.  The model has been built to align with the 

decision structure outlined in Figure 2-3. 

The overall nested structure has been estimated via a sequential estimation process with three 

separate sub-models: a mode choice model, a destination choice model, and a binary choice 

model capturing the choice between local and distant commute.  In sequential estimation, a 

composite utility term is associated with each nest of the model for each of the 3763 modelled 

origins.  The composite utility from the mode choice model acts as a variable (3763 by 32 matrix) 

in the destination choice model.  A composite utility term (3763 by 1) is then generated from the 

destination choice model and passed up to the upper level binary choice model where it acts as 

a variable in that model. The sub-models are discussed below in the order they were calibrated: 

from the bottom-up.  While utilities associated with choice alternatives are calculated from 

bottom-up, choice probabilities are calculated in a top-down fashion. 
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3.2.1. Mode Choice Sub-Model 

Results for the mode choice model are shown in Table 3-1 below.  It is worth noting that more 

involved models could have been specified.  In particular a wider range of socio-economic 

variables measured at the TTS zone level could have been applied to help in differentiating the 

mode choices.  A simpler model was developed in order to streamline scenario testing.  In 

particular, in scenarios testing an express rail mode, the streamlining removes the necessity to 

make assumptions about the values of the socio-economic parameters for this new modal 

alternative.  For the urban hierarchy variable below, such an assumption is required, but this is 

for one variable as opposed to several. 

 
Table 3-1:  Statistical Results for Mode Choice 

Variable Betas S.E T-Stat Design 

Auto Passenger Constant -2.635 0.0843 -31.2504 0100 
Rail Constant 2.105 0.0847 24.8635 0010 

Bus/Transit Constant -3.468 0.0990 -35.0185 0001 
Urban Hierarchy Score (Auto Passenger) 0.079 0.0097 8.0846 0100 

Urban Hierarchy Score (Rail) -0.170 0.0093 -18.2822 0010 
Urban Hierarchy Score (Bus/Transit) 0.306 0.0118 25.9401 0001 

Ingress time (mins) (Train & Bus) -0.051 0.0010 -52.8256 0011 
Total travel time (Drive) -0.047 0.0006 -79.9677 1000 

Total travel time (Auto Passenger) -0.047 0.0008 -57.3052 0100 
Total travel time (Train) -0.041 0.0004 -112.3231 0010 

Total travel time (Bus/Transit) -0.022 0.0003 -67.6923 0001 
AM Train Frequency (sq. root) (train) 0.405 0.0067 60.1607 0010 

 
Naive log-likelihood  -245390.737 

Log-likelihood with constants -148941.312 
Log-likelihood at convergence  -110379.455 

Rho-squared  0.550 
Rho-squared with constant  0.259 

 
 

 For the design matrix detailed in the “Design” field of Table 3-1, the first modal alternative 

relates to vehicle-as-driver, the second is vehicle-as-passenger, the third is commuter rail 

and the fourth mode is bus/public transit.  The pattern of ones and zeros suggests which 

modal alternative(s) is/are impacted by that parameter or not. 

 The “reference” alternative for the mode choice model is “Vehicle-as-driver.”  For some 

variables above the associated parameters associated with “Vehicle-as-driver” is 0.0 and 
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parameters specific to other alternatives can be interpreted in relation to that.  

Parameters on Total travel time are an exception in this regard. 

 This model was estimated in a “stacked” format.   There is a 3763 by 4 matrix of mode 

choices for each of the 32 destination regions and these were stacked one on top of 

another along with explanatory variables that explain the choices. 

 The results for the alternative-specific constants suggest intrinsic unattractiveness for the 

vehicle-as-passenger and the bus modes. 

 The urban hierarchy variable has to do with the scoring of the origin zone in the urban-

rural hierarchy from 0 to 10.  Most of the origin zones in this model, since it is generally a 

heavily populated study area, are in the 6-10 range.  There is a fairly strong result that 

selection of the bus mode is quite positively associated with higher levels on the urban 

hierarchy while favourable views of the rail mode (essentially commuter rail) are more 

associated with lower levels on the hierarchy.   

 Ingress travel time is specified generically across the rail and bus alternatives.  Not 

surprisingly, the parameter is negative and somewhat more so than the parameters on 

total travel time. 

 Total travel time is a dominant variable.  This time quantity is the sum of ingress, in-

vehicle, egress and waiting times by mode.  In the final model, there is not much variation 

in this parameter across the modes although the parameter on the bus mode stands out.  

Bus travel is apparently not judged so harshly by commuters on a minute-by-minute basis 

for travel but the result for the bus constant (see above) suggests it is generally not viewed 

as an attractive mode. 

 AM peak train frequency is specific to the commuter rail alternative and is the square root 

of the count of AM peak trains associated with origin-destination pairings.  A larger count 

of trains increases the chances that the commuter rail mode is selected. 

 The rho-squared statistics are indicative of a good-fitting model 

 In the choice of commuting mode, one variable of potential interest is the annual cost to 

utilize each mode.  While we did some work into the annual costs of using GO Rail for 

various origin-destination combinations and we consulted CAA reports on the annual 

costs that might be associated with commuting by vehicle, it was decided in the end not 

to include such a variable in the model.  Annual cost differentials were seen as being much 

less important than travel time differentials and also, we did not think that calibrated 

results for existing modes would translate well for an express rail service.  
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3.2.2. Destination Choice Sub-Model 

The destination choice model captures the choice of workplace given the prior selection of a 

“distant” commute. This model relies heavily on a composite utility term (3763 by 32 matrix of 

utilities) that has been derived from the lower-level mode choice model.  This summarizes the 

overall accessibility of the destinations by origin taking into account the “service” and travel times 

provided by the modes in aggregate.  If an origin-destination combination is served well by 

several modes then this would result in a higher composite utility result. The parameter estimate 

of 0.531 is very stable.  The theoretical boundaries for this parameter are between 0 and 1 so 

this result falls midway along this range.  The modal options do impact the destination choices 

but the impact is partially “discounted.” 

Total jobs at the destinations (as estimated by AM peak TTS commuting inflow totals) is an 

important measure of the opportunity that people perceive when making the choice of a 

destination to work.  This variable is expressed in a combination of linear and transformed 

(square root) forms.  In the model, the destination job count is expressed in thousands while the 

square root was taken before converting jobs into thousands. 

Table 3-2: Statistical Results for Destination Choice 

Variable Betas S.E T-Stat Design 

Toronto CBD Constant 0.793 0.0065 121.9915 10000000000000000000000000000000 

Destination Job Count -0.011 0.0002 -63.0590 11111111111111111111111111111111 

Destination Job Count  
(sq. root) 

0.014 0.0001 113.0377 11111111111111111111111111111111 

Composite Attractiveness 
of Modes 

0.531 0.0025 210.4603 11111111111111111111111111111111 

 
Naive log-likelihood  -613477 

Log-likelihood with constants -476490 
Log-likelihood at convergence  -431180 

Rho-squared  0.297 
Rho-squared with constant  0.095 

 
The simple sub-model outlined in Table 3-2 does a reasonable job of explaining the longer 

distance commuting flows between regions.  This can be seen in Table 3-3 where inflows into the 

regions are all within the correct order of magnitude.  An alternative-specific constant has been 

used to constrain inflows into the central “Toronto TTC” region to equal the actual number.  

Mainly this has been done because this region is a unique case among the 32 regions. Note that 

the design matrix shown in Table 3-2 reflects the fact that there are 32 regional alternatives in 

the calibrated model.  
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Table 3-3:  Predicted Versus Actual Inflows of Longer Distance Commutes by Region 

Region 
Predicted Commuter 

Inflows 
Actual Commuters 

Inflows 
Net 

Difference 
Percentage 
Difference 

Toronto TTC 45590 45590 0 0 

Downtown Toronto  11353 15854 -4501 -28.4 

West Toronto  21349 18602 2747 14.8 

East Toronto  13731 13285 446 3.4 

Waterloo LRT 824 1434 -610 -42.5 

Waterloo 1063 1563 -500 -32.0 

Kitchener 1518 1103 415 37.6 

Cambridge 1523 1167 356 30.5 

Surrounding Waterloo  561 322 239 74.3 

Guelph 1699 2490 -791 -31.8 

Wellington 574 538 36 6.7 

Mississauga 15726 18732 -3007 -16.1 

Brampton 6618 6048 570 9.4 

Caledon 1050 1042 8 0.7 

Vaughan 6617 6212 405 6.5 

Richmond Hill 2023 1657 366 22.1 

Markham 5119 3955 1164 29.4 

North of York Region 5212 4444 768 17.3 

Hamilton LRT 966 1144 -178 -15.6 

Hamilton 2338 1957 381 19.5 

West Hamilton 787 496 291 58.6 

East Hamilton 832 447 385 86.0 

Burlington 2162 2535 -373 -14.7 

Oakville 1926 3069 -1143 -37.3 

Milton 1128 1165 -37 -3.2 

Halton Hills 716 861 -145 -16.8 

Durham Region 10574 8301 2273 27.4 

Brantford 1194 988 206 20.9 

Dufferin Region 747 793 -46 -5.8 

Simcoe Region 5773 6120 -347 -5.7 

Peterborough Region 1314 2075 -761 -36.7 

Niagara Region 4408 3023 1385 45.8 

TOTAL 177,015 177,012 - - 

 
It is important also to consider that the variable on job opportunities is a very useful and 

significant variable in explaining commuting flows within our 3763 by 32 commuting matrix.  It 

helps to explain choices well in the aggregate but it can be argued that it does a poor job of 



Toronto-Waterloo Connectivity Scenarios 

McMaster Institute for Transportation and Logistics Page 35 

capturing the characteristics of a destination that might matter to a particular individual.  For 

example, are there certain technology job descriptions that are available only in the K-W region?  

This idea will be discussed further in the conclusions as we consider future research possibilities. 

3.2.3. Sub-Model of Choice to Work Locally or Commute a Substantial Distance 

The upper level sub-model forecasts whether commuters choose to work “locally” (i.e. within a 

drive time of 45 minutes from their origin) or to commute to a distant workplace.  Since the data 

by origin are aggregate in nature, a share of commutes staying or going is estimated for each 

origin.  While the mode choice model is based on 4 options and the workplace choice model is 

based on 32 spatial alternatives, this sub-model has only two options and this is reflected in the 

design matrix in Table 3-4.  Some of the important statistical results from this table are as follows: 

 The large positive constant specific to staying/local commute suggests that, by a large 

margin, people prefer to “stay” all things being equal. 

 The parameter on the composite destination utility is specific to the “distant commute” 

nest and is positive and strongly significant.  Ideally, it would lie within the theoretical 

range between 0 and 1 but it is not too unusual to get a result greater than 1.0. 

 Origins higher on the urban hierarchy (e.g. dense Toronto areas) are more associated with 

commuters staying 

 Areas that generate full time workers at a high rate are more associated with distant 

commutes 

 The “Job count by origin” variable applies generically to both alternatives.  For each origin, 

this is expressed in millions of jobs and measures, for each origin, the count of jobs that 

are local versus the count that are further than the estimated 45 minute drive time.  The 

share of job counts falling into each category varies by origin.   The strong statistical results 

that emerges is that high job counts, whether local or distant, are positively associated 

with the ultimate destination of commutes.  This is a strong variable in shaping the 

destination of commutes. 
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Table 3-4: Statistical Results for Binary Choice of Local or Distant Commute 

Variable Betas S.E T-Stat Design 

Local Commute Constant 6.605 0.0369 178.8455 10 
Composite Destination Utility 1.306 0.0064 204.4539 01 

Urban Hierarchy Score  0.260 0.0033 79.1310 10 
Full-time employees per Household -0.465 0.0133 -34.8296 10 

% University Educated -0.213 0.0272 -7.8198 10 
% Dwellings Detached -0.099 0.0181 -5.4539 10 

Average Trips per Household 0.094 0.0029 32.5591 10 
Average Age of Household Head 0.006 0.0004 16.7173 10 

Average Income -0.001 0.0001 -6.8491 10 
% Dwellings Owned -0.204 0.0238 -8.5375 10 
Job Count by Origin  0.613 0.0034 180.2405 11 

 
Naive log-likelihood  -1613792 

Log-likelihood with constants -626201 
Log-likelihood at convergence  -533429 

Rho-squared  0.669 
Rho-squared with constant  0.148 

 
 

In Figure 3-8, the predicted “stay” probabilities for the base model are shown for all origins in the 

Toronto and K-W areas.  Recall that “stay” refers to choosing a workplace within a 45 minute 

drive time of the place of origin.  This result is heavily driven by the job count variable show in 

Table 3-4 which is one of the strongest results in the model.  The abundance of local employment 

opportunities near the core of Toronto imply that there is only a 1-2% chance of making a distant 

commute.  In contrast, the predicted probabilities for a distant commute are much higher in K-

W and in the order of 10-15% for many origins.  Distant job opportunities are proportionally much 

more important for K-W origins than for Toronto origins.  These characteristics of the model, 

which are calibrated based on the empirical evidence, explain much of the reason why upcoming 

scenarios do not generate many westbound trips originating from Toronto. 
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Figure 3-8:  Stay Probabilities by TTS Zones 
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3.3. Scenario Results 

In this section, the developed and described model is used to test HOV/HOT and express rail 

scenarios.  Certainly a wider range of scenarios are possible but these not explored in this report. 

 
3.3.1. Express Rail Connectivity 

The purpose of the express rail scenarios is to get a sense of what would happen with the 

introduction of an express rail service between the cores of Kitchener-Waterloo and Toronto.  

From Phases I and II of this research, it was identified that rail service between these points is 

really not competitive to what is available elsewhere in the world.  An improved rail service could 

be conventional, as opposed to high-speed, and still make a significant improvement.   

In terms of how this express rail service is accommodated in the model, it is done through an 

additional mode (alternative) added to the four that already exist.   As such the major change is 

in the mode-choice sub-models and resulting impacts influence the choice of commuting 

destination that is the focus of higher levels of the nested structure.  It is assumed that the 

express rail service works on top of the existing GO rail service since the latter provides service 

to several destinations between Kitchener and Toronto. 

In order to implement the scenarios, some assumptions about statistical parameters in the mode 

choice sub-model and associated with the express rail mode were required: 

 The time decay on overall travel time was set at -0.045 which is between the calibrated 

result for the vehicle modes and the result for GO Rail.  The steeper decay for express rail 

reflects possible higher expectations for an express service. 

 The time decay on ingress time was set to the same value that was calibrated for other 

modal alternatives 

 The parameter on rail capacity (# of trains) was transferred from the calibrated value of 

the GO rail mode 

 For the alternative-specific constant on express rail, a value of -0.5 was assumed.  In 

comparison, “vehicle-as-driver” is 0.0 and there is a large positive constant on GO Rail.  

The relatively low assumed constant on express rail reflects that the service would likely 

have a premium cost compared to GO rail. 

 The parameter on the urban hierarchy variable was set to 0.15 reflecting that the service 

would be most relevant for the higher levels on the urban hierarchy.  This assumed 
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parameter has more in common with GO bus than GO rail.  People appear more willing 

to tolerate larger ingress distances for the latter given the presence of large commuter 

parking lots to accommodate vehicles. 

It is quite possible that any of these assumptions are not ideal but on the surface, they seem 

reasonable.  Had the final mode-choice sub-model included several socio-economic variables, 

then assumptions would have been required about a parameter value for express rail in each 

case.  It was therefore decided not to include such variables to help minimize the number of 

assumptions.  With a micro model, as opposed to an aggregate model – the argument to include 

socio-economic variables would have been much stronger. 

In Table 3-5, the results for various express rail scenarios are presented.  These are associated 

with a case where express trains would travel between Union Station and the Kitchener VIA-GO 

station.  No stops are assumed in-between although this is something that could be added to a 

scenario. The two main aspects that are varied in these scenarios are the number of trains that 

would run in each direction during the AM peak, and the time it takes an express train to travel 

between the two train stations. 

 

Table 3-5:  Express Train Passengers for Commutes Between K-W and Toronto Cores 

Capacity/Duration 60 minutes 75 minutes 90 minutes 120 minutes 

1 train 1572 848 392 65 

3 trains 2017 1114 568 92 

5 trains 2391 1332 704 126 

10 trains 3260 1864 1027 208 

 
 

The results suggest that while capacity/number of trains has a reasonably strong impact in 

generating demand for express train trips, the more important aspect is how long the rail portion 

of an overall trip takes.  At 60 minutes the demand is quite considerable but at two hours there 

is very little demand at all, regardless of the number of trains.  The other important factor that 

mitigates against much larger demand for express rail is the significant ingress and egress times 

associated with actually getting to and from the train stations. 
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Table 3-6: Changes to Modal Outflows and Inflows by Region when Express Rail added1  

Outflows 

Region Drive Passenger Rail Bus Express Rail Grand Total 

Waterloo LRT -11 0 -1 -1 108 95 

Waterloo -57 0 -5 0 306 244 

Kitchener -129 0 -5 -5 679 540 

Surrounding Waterloo Region -3 0 0 0 21 18 

Inflows 

Toronto TTC -152 0 -11 -6 677 508 

Downtown Toronto -8 0 0 0 126 118 

West Toronto -8 0 0 0 138 130 

East Toronto -32 0 0 0 172 140 

Mississauga 0 0 0 0 1 1 

Total by Mode 

 -200 0 -11 -6 1114 897 

 
In Table 3-6, the results for three trains per direction during AM peak and an assumed 75 minute 

rail travel time are examined in more detail.  The total of 1114 generated express rail trips seen 

in Table 3-5 is also seen at the bottom of the express rail column in Table 3-6.  The additional 

information provided by Table 3-6 is where the trips are ultimately coming from and going to and 

how other modes are affected.  The most glaring outcome is that model predicts no measureable 

express rail trips, associated with new commutes, originating from Toronto and travelling to K-

W.  An negligible result like this is surprising but in the context of the statistical results makes 

sense. All of the demand is eastbound and almost all of it originates from the City of Kitchener 

and the City of Waterloo which defines a range where ingress times to the station would be 

tolerable. 

In terms of impacts on other modes, the express rail service would be expected to remove about 

200 vehicle commutes from K-W to Toronto and impacts on other modes are not significant.  The 

overall model does not deal with VIA rail since this rail service is not prominent in the TTS data 

and is largely not seen as daily commuter rail.  Of the approximately 1100 express rail trips, about 

900 of these would be new commutes that were not previously taking place.  Scenarios could be 

developed with transit-oriented development and intensification taking place along the K-W LRT 

corridor and this would add more trips to Toronto given favourable ingress times to the express 

rail station. 

                                                      
1 Small positive trip totals could have been generated by adding together “part trips” associated with flows 
between certain origins and destinations but, prior to aggregation, it was decided to round the incremental trip 
matrix to the nearest integer to do away with the “noise” associated with part trips. 
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An important question to consider is why the model is not generating measurable westbound 

express rail trips.  Figure 3-9 shows, in fact, that the model predicts a high probability that 

someone living in the core of Toronto, at the trip origin, would choose an express rail service to 

K-W given that they had chosen to make this commute.   The level of this probability decreases 

as the duration of the inbound trip to Union station increases and as the duration of the express 

rail trip itself increases.  When the latter is 60 minutes in duration, results suggest that express 

rail could be the leading modal option.  At 90 minutes duration, this would not be the case.  The 

introduction of express rail is giving similar boosts to utility in Toronto as is happening in 

Kitchener but the increased utility in the former case is not translating into more westbound 

commuting trips. In Figure 3-10, similar maps are generated at the K-W origin and a similar 

pattern of conditional probabilities is observed. 

The explanation relates to the choices about workplaces as they were modelled at the higher 

levels of the overall model structure.  For both the mid-level and upper level models, the density 

of job opportunities is statistically shown to be very important in explaining commuting patterns.  

These variables help to define average utilities for destinations as perceived at origins.  Aspects 

such as travel time to the destinations are clearly critical in modifying these average utilities.  

From Kitchener-Waterloo origins, the average utility of Toronto workplace destinations is fairly 

high given the huge Toronto job base and the comparatively smaller one in-and-around K-W.  As 

such, the model is generating some significant eastbound commuting flows in response to 

express rail.  In Toronto, the situation is reversed and the net result is that there is little rationale, 

on an average utility basis, to opt for a long-commute to K-W. 

It is not that the implemented data and model are “wrong”, they simply reflect that there is 

nothing remotely “average” about a reverse commute from Toronto to Waterloo.  The reverse 

commuter is not responding to average measures but very specific aspects about the opportunity 

at the remote destination and attributes about living in Toronto that are found desirable. The 

results suggest that more research would be required to properly assess the potential for reverse 

commutes and an express rail service.  This effort would likely require a targeted collection of 

primary data at the micro-level.  The detail required of such data would go beyond what would 

even be provided by the micro-version of the TTS data.  Further discussion on this topic is 

provided in the concluding chapter.  
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Figure 3-9: Conditional Probability to Choose Express Rail for Commute to K-W 
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Figure 3-10: Conditional Probability to Choose Express Rail for Commute to Core of Toronto 
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3.3.2. Improved Connectivity on Hwy 401 via HOT/HOV Lanes 

While Express Rail service is implemented in the scenarios through the addition of a new modal 

alternative, HOV/HOT lanes are assessed through differing assumptions about impacts on travel 

time.  One of the main objects of an HOV/HOT lane is to “speed up” trips and this defines the 

basic approach here to assess it.   

The HOT lane concept is not assessed here in terms of the economics of a trip or the impacts of 

dynamic pricing on HOT lane uptake.  Partly this reflects that we have no local data on this topic. 

Also, HOV/HOT impacts are not assessed in the sense of a detailed micro-traffic simulation. For 

example, sometimes HOV/HOT lanes themselves can become congested and this affects their 

performance. Finally, these scenarios in no way take into account the technical/engineering 

plausibility of implementing such lanes on particular stretches of highway. Nevertheless, these 

scenarios should give an approximate idea of whether HOV/HOT lanes might affect the number 

of longer-distance commuters between relevant pairings of origins and destinations. 

In terms of how these scenarios are implemented, the important aspect is to assess the role of 

Hwy 401 for each of the origin-destination combinations considered.  For a trip between 

Hamilton and Guelph, for example, Hwy 401 plays a much less prominent role than it would for 

a trip between Toronto and Guelph.  Accordingly, the relative impact of HOV/HOT would be more 

in the latter context.    

The actual stretch of Hwy 401 for which HOV/HOT lanes are examined is between Hwy 427 in 

Toronto and Hwy 8 in Cambridge (see Figure 3-11).   
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Figure 3-11:  Assumed Hwy 401 Corridor of Active HOV/HOT Lanes for Scenarios 
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From Figure 3-12 to Figure 3-17 a series of mapped results are displayed that effectively tell the 

expected story of what would happen.  The first two maps relate to a scenario where only 

eastbound HOV/HOT lanes are implements.  The next pair relate to a westbound only scenario 

and the last pair relate to the most realistic scenario where lanes are implemented in both 

directions.  Trip total associated with regions are captured in colour through the use of the map 

legends and also the exact zonal totals are labelled on the maps for additional precision in 

interpreting results. Splitting the scenarios by direction helps to illustrate the independent effects 

associated with improvement in each direction. 

For all of these maps, it is very important to note that they do not capture all new commuting 

trips that would be induced but instead they show distant commutes that would be associated 

with more than a 45 minute drive time.  The impact of this is especially evident in the middle pair 

of maps which, for the core zones in the heart of Toronto, show essentially no originating trips 

westbound that are enabled by the HOV/HOT lanes.  This does not mean the new lanes do not 

induce new commutes from these zones, it simply means that none of these are of the longer-

distance variety which are most of interest to this study. For many of the outlying zones in the 

GTHA and for the East Toronto zone, some induced westbound commutes are generated which 

exceed 45 minutes and these are predicted to terminate in Peel Region which has a high density 

of job opportunities. 

The first pairing of maps focuses on EB travel under scenarios where the lanes improve travel 

time by 25% and 10% respectively.  Results suggest that the K-W region is highly leveraged to 

improvements in travel time along Hwy 401 because accelerated travel times would apply for a 

long distance along Hwy 401 from the perspective of K-W travelers.  For the 25% scenario, 

indications are that about three times as many trips would be induced as compared with the 10% 

savings in travel time.  However, previous analysis of INRIX data has suggested that AM 

eastbound congestion on Hwy 401 is less severe west of Mississauga/Milton, so 25% gains in 

travel time would be much harder to achieve on the stretches nearer to K-W.  For this reason, 

the 10% overall travel time reduction could be a more realistic scenario.  Zones in and around 

Toronto are shown to be major recipients of longer distance K-W originating commutes, 

especially the downtown Toronto core zone, Mississauga and the West Toronto zone. 

The second pairing of maps focuses on the same scenarios but implemented for westbound 

longer-distance commutes.  The results prove to be muted in comparison to EB.  Overall, 

Mississauga is shown to be the biggest beneficiary from westbound commutes and K-W is 

portrayed as a secondary beneficiary.  In the latter case though, inflowing commuting totals to 

K-W appear quite dependent on the improvement in travel time that can be achieved.  When the 

improvement is only 10%, which is probably more realistic, the commutes which accrue to K-W 

are negligible. 
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Figure 3-12: Incremental Longer Distance Commutes from 25% Faster EB Hwy 401 Travel 

  



Toronto-Waterloo Connectivity Scenarios 

Page 48  McMaster Institute for Transportation and Logistics 

Figure 3-13: Incremental Longer Distance Commutes from 10% Faster EB Hwy 401 Travel 
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Figure 3-14: Incremental Longer Distance Commutes from 25% Faster WB Hwy 401 Travel 
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Figure 3-15: Incremental Longer Distance Commutes from 10% Faster WB Hwy 401 Travel 
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Figure 3-16: Incremental Longer Distance Commutes from 25% Faster Hwy 401 Travel 
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Figure 3-17: Incremental Longer Distance Commutes from 10% Faster Hwy 401 Travel 
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The third pairing of maps illustrates scenarios where lanes are implemented in both directions.  

For the most part, the results are a composite of the totals for the independent directions 

although there are some small differences.  A summary of the total induced incremental 

commutes by scenario is provided in Table 3-7.   A comparison with the express rail results in 

Table 3-5 above suggest express rail would have to offer a service in 60 minutes or less to 

approach the impacts of Hwy 401 service that was improved by 10%.    

 

Table 3-7: Total Induced Commutes by Scenario due to improved Hwy 401 travel times 

Scenario Description 
Aggregate Induced Commutes in 

Study Region 

Eastbound - 25% time savings 8,060 

Eastbound – 10% time savings 2,399 

Westbound – 25% time savings 1,201 

Westbound – 10% time savings 202 

Both Directions – 25% time savings 9,312 

Both Directions – 10% time savings 2,616 

 

In Figures 3-18 and 3-19, a tabular summary of the incremental commuting trip impacts are 

provided. In the former case, the higher totals and more widespread impacts are consistent with 

the 25% scenario.  In the latter case, the focus is on the 10% savings in Hwy 401 travel time.  

Essentially, these two figures illustrate in more detail the patterns exhibited in the maps.  

Improved travel times on Hwy 401 are having the most impact in inducing more outflows from 

the K-W region with the result that core regions of Toronto and Mississauga are primary 

beneficiaries. 

Finally, Table 3-8 is a counterpart to Table 3-6 from the express rail scenarios.  One difference is 

that Table 3-6 possibly shows a more conservative rail scenario relative to the 25% time savings 

assumed in both direction due to HOV/HOT lanes in Table 3-8.  The “incremental” flows that have 

been commented on are related to the “grand total” field that sums to 9312 new commutes for 

the study region.   Table 3-8 offers additional detail about how this overall total is achieved on a 
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mode-by-mode basis.  There is a modest negative impact on the existing number of rail trips in 

the region but to a large extent, the collective modes are not expected to lose much2.   

Figure 3-18: Incremental Longer Distance Commutes from 25% Faster Hwy 401 Travel  

 
 

                                                      
2 It should be noted that no travel time changes were assumed for bus resulting from HOV/HOT lanes.  More work 
would be required to implement such detailed changes.  As it stands, bus is forecast to lose a small number of trips 
but in practice, modest gains might be expected since buses are granted access to such lanes. 
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Figure 3-19: Incremental Longer Distance Commutes from 10% Faster Hwy 401 Travel  
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Table 3-8: Changes to Modal Outflows and Inflows by Region due to HOV/HOT lanes 

Outflows 

Region Drive Passenger Rail Bus Grand Total 

Downtown Toronto 3 0 0 0 3 
East Toronto 101 0 0 0 101 
Waterloo LRT 118 0 0 0 118 
Waterloo 864 17 -17 -3 861 
Kitchener 2045 59 -19 -18 2067 
Cambridge 1510 31 -8 -13 1520 
Surrounding Waterloo Region 527 11 -6 -1 531 
Guelph 1251 14 -61 -9 1195 
Wellington 594 13 -31 -1 575 
Mississauga 87 0 1 0 88 
Brampton 229 0 -10 0 219 
Caledon 78 0 -2 0 76 
Vaughan 30 0 0 0 30 
Richmond Hill 43 0 0 0 43 
Markham 58 0 0 0 58 
North of York Region 169 0 0 0 169 
West Hamilton 6 0 0 0 6 
East Hamilton 5 0 0 0 5 
Burlington 10 0 0 0 10 
Oakville 26 0 0 0 26 
Milton 646 26 -68 0 604 
Halton Hills 411 12 -55 0 368 
Durham Region 310 0 0 0 310 
Brantford 8 0 0 0 8 
Dufferin Region 60 0 0 0 60 
Simcoe Region 239 0 0 0 239 
Peterborough Region 22 0 0 0 22 

Inflows 

Toronto TTC 2239 87 -183 -44 2099 
Downtown Toronto 465 1 -17 0 449 
West Toronto 1552 47 -67 0 1532 
East Toronto 631 3 0 0 634 
Waterloo LRT 35 0 0 0 35 
Waterloo 65 0 0 0 65 
Kitchener 162 0 0 0 162 
Cambridge 137 0 0 0 137 
Surrounding Waterloo Region 4 0 0 0 4 
Guelph 92 0 0 0 92 
Wellington 5 0 0 0 5 
Mississauga 2025 40 0 -1 2064 
Brampton 584 2 -9 0 577 
Caledon 13 0 0 0 13 
Vaughan 463 3 0 0 466 
Richmond Hill 98 0 0 0 98 
Markham 327 0 0 0 327 
North of York Region 84 0 0 0 84 
Hamilton LRT 4 0 0 0 4 
Hamilton 45 0 0 0 45 
Burlington 32 0 0 0 32 
Oakville 116 0 0 0 116 
Milton 38 0 0 0 38 
Halton Hills 7 0 0 0 7 
Durham Region 188 0 0 0 188 
Simcoe Region 18 0 0 0 18 
Niagara Region 18 0 0 0 18 

Total by Mode 

 9450 183 -276 -45 9312 
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4.0 CONCLUSIONS 

 

 

 

 

 

 

 

 

 

 

 

Conclusions  

A series of useful insights have emerged from this work and these are summarized below: 

 Past commuting studies (outlined in Chapter 1) have not used the corridor concept as a 

unifying focus for their analysis.  This is one aspect which makes the current research 

novel. 

 Examination of TTS survey data suggests that rail travel can hold a majority share for many 

longer distance origin-destination pairings.  There are many examples of high rail shares 

for origins proximate to the Lakeshore West GO line. 

 The TTS data clearly show that point-to-point rail travel within the region is poorly 

developed.  The current system feeds rail commuters into the core of Toronto.  In this 

regard, current and planned regional rail initiatives make a great deal of sense. 

 Simulation results suggest that travel time really matters in affecting longer distance 

commuting behaviour.  Express rail scenario results suggested 3 to 4 fold differences in 

ridership depending on whether the express train leg between Union Station and the core 

of Kitchener-Waterloo (K-W) would be completed in 60 minutes or 90 minutes. 
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 Ingress and egress times to get to and from collective modes of travel are shown to be a 

barrier to increased ridership in this analysis.  For lengthy commutes along inter-city 

corridors,  commuters are especially sensitive to the time it takes to get to and from the 

main mode of travel 

 The fact that automobile travel eliminates or minimizes ingress/egress times is a great 

advantage and one that can be difficult competition for collective modes. 

 Variables built to represent the magnitude and density of job opportunities at prospective 

commuting destinations have been shown as very strong predictors of observed 

commuting behaviour.  On this basis, commuting locally, to within a 45 minute drive time, 

appears more likely in the core of Toronto than it does in K-W. 

 The impact of these same variables on the workings of the final model suggest that the 

reverse commute scenario (i.e. living in downtown Toronto and working in Kitchener-

Waterloo) is a very low probability scenario for the average worker.  Forecast express rail 

commuters for the reverse commute were negligible.  As described below, further work 

with newly collected primary data is required to look deeper into these aspects. 

 Especially when ingress times are minimal (and assuming a price competitive service), the 

model suggests that express rail would be a very competitive in terms of mode share.  

Statistical results suggest though that “modal attractiveness” is discounted in the choice 

of commuting destination.  Simply, the strength and significance of basic aggregate job 

count variables in explaining longer distance commuting flows in the region was not 

anticipated at the outset. 

 While the corridor between downtown Toronto and K-W is considerably longer than the 

San Francisco-Silicon Valley case, this is probably not sufficient to explain the relative low 

numbers of reverse commuters in this Ontario case. Up to 35,000 commuters are 

estimated to ride the shuttles out to Silicon Valley work campuses.  The local totals from 

Toronto to Waterloo are tiny in comparison. 

 The model suggests that the K-W to Toronto direction is a higher probability commuting 

selection.  Transit-oriented development along developing light rail lines may assist in 

producing competitive ingress times to express rail. 

 Enhanced travel times along Hwy 401 due to HOV/HOT lanes showed a similar dynamic 

as express rail in that it was more difficult to induce large volumes of westbound travel 

relative to eastbound travel. 
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 A 25% savings in travel time along Hwy 401 was estimated to be more than 3 times more 

powerful in inducing new longer distance commutes than a 10% travel time savings. 

 Overall, the scenario results suggest little in the way of modal “cannibalization.”  In other 

words, when a new travel improvement was made, the gain in trips was largely not made 

at the expense of reduced trips on other modes.  The majority were new commuting trips.  

Further study on this aspect could be required using the primary data that is suggested 

below. 

 To understand “outlier” behaviour (and daily commutes of over 100km per travel leg fall 

into this category), it is not sufficient to develop a choice model on aggregated survey 

data.  Detailed micro-data on choice behaviour is required and it is likely that hypothetical 

choice scenarios are required to understand the trade-offs people make in deciding upon 

long commutes. 

Arguably the most important conclusion from this research is simply that some future primary 

data collection and subsequent analysis are required, especially to better understand the 

potential for the “reverse commute” scenario where a worker would choose to live in Toronto 

and work at the opposite end of the innovation corridor in Kitchener-Waterloo.  A targeted 

sample of core-Toronto professionals could be surveyed with a stated preference approach that 

would seek to understand their choices about where to live and work, and to understand the 

trade-offs that they would or would not be willing to make. To understand trade-offs, 

respondents would be presented with several scenarios where attributes such as commute time, 

ingress/egress time, remuneration and other aspects could be varied in scenarios according to a 

rigorous experimental design.  Aggregate and zone-based Transportation Tomorrow Data, of the 

type used to develop this analysis, are not up to this task.  Even a micro-data version of the TTS 

survey would be unlikely to offer enough information. 
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Figure 5-1: AM Peak Commutes between 32 Regions (Professionals) 
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Figure 5-2: AM Peak “Auto as Driver” Commutes between 32 Regions (Professionals) 
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Figure 5-3: AM Peak “Auto as Passenger” Commutes between 32 Regions (Professionals) 
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Figure 5-4: AM Peak “GO Bus/Transit” Commutes between 32 Regions (Professionals) 
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Figure 5-5: AM Peak “GO Rail” Commutes between 32 Regions (Professionals) 
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