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Research Question & Challenge

 Does a transit pass return more benefit than its usage 

(mobility tool): Toronto Transit Comission-TTC

 Comprehensive analysis requires data on transit usage 
behaviour of different fare class/type users:

– Longitudinal survey of transit users

– Stated Preference surveys

 However, we currently have one-day household travel 
diary survey: 5% Sample of Household Travel in the 
GTHA:

The Transportation Tomorrow Survey (TTS)



TTS Data: Transit pass ownership
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TTS Data: Daily Transit Trip Frequency

Pass Owners
Non-pass Owners



Trip Distance Distribution & Pass ownership
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 Total number of trips by transit by each individual

– Overwhelming number of zero trip makers

 Total distance travelled by transit

– Zero trip makers have no transit travel distance 
information

 Transit pass ownership (yes or no)

 Imputed information from secondary sources:

– Land use and population variables related to place of 
residences

5% Sample of Household Travel 



Further Data Issue

 Difficulty in capturing cost impact?

– No information on how fare is paid

– No information on cost subsidy by employers, etc.

 Without precise cost information, we may look at how 
different factors (that are available in data) explain 
transit usage

 Such empirical results may have confounded effect of 
fare/cost, but will allow investigating differences in 
benefit gain/loss for owning a pass or not



Developing Model that Fits the 
Context and Data

 How can we evaluate benefit gain from a 1-day travel 
diary data?

– Modelling demand for transit usage

– Develop a modelling structure that allows 

differentiating patterns of transit usage for transit pass 

owners and non-transit pass owners

– Empirically evaluate differences in benefit gain in 

transit usage for by pass owners and non-pass 

owners
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Modelling the Demand: Econometrics

 Choice of owning a monthly pass: Binary choice

– Influenced by expectation of usage of services

– Other variables?

 Usage of transit services: Number of daily transit trips

– Count variables with natural ordering

 Total distance travel is correlated with frequency:
– Continuous variable

 Random Utility Maximization (RUM) Theory:

– Correlated and nested choice structure

– Presence of large number of zero trip makers



RUM based Transit Pass Ownership and 
Usage Model

Utility function of discrete choice of owning/not-owning:
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Considering the random components have GEV distribution:
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Further specification of utility of pass ownership:
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Ipass is the expected maximum utility of 

transit usage while owning a pass

∑γz is a linear-in-parameter function

Ino-pass is the expected maximum utility 

of transit usage while not owning a 

pass



RUM based Transit Use Frequency Choices

 Large number of zero usage record:

‒ Zero-inflated count variable regression model

‒ Zero-inflated Ordered logit/probit regression model

‒ RUM based discrete choice mode

 Count variable and ordered regression models do not 
give a consistent measure of benefit gain from usage of 
transit services:

Benefit gain would be better measured by expected 

maximum utility of usages

We need a RUM based discrete choice approach
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y is the number of trips/usage

r is a non-negative dispersion parameter

λ is the expected number of trips/usage = exp(∑βx)
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Denominator is equal to 1
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This is an MNL version of Negative 
Binomial Choice Model

Add count-specific elements to 
the systematic utility to capture 
over/under dispersion of any 
specific counts
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RUM based Negative Binomial (NB) count 
choice Model



 Negative Binomial (NB) distributing collapses into a Poisson 
distribution for a large value of r

-In case of additional count-specific constants, often r 
becomes too large to retain the NB formulation
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r is a non-negative dispersion parameter

λ is the expected number of trips/usage = exp(∑βx)

Add count-specific elements to 
the systematic utility to capture 
over/under dispersion of any 
specific counts
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This is an MNL version of 
Poisson Choice Model

By using Taylor’s series approximation:

RUM based Negative Binomial (NB) Poisson
count choice Model



Accommodating Ordered nature of Count 
Choice

 An MNL considers IIA, but alternative counts are 
ordered!

 A corresponding Ordered Generalized Extreme Value 
(OGEV) version of the model:
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The joint probability of owning or not owning a transit pass 

and making y number of transit trips in a day: P(O-f)
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Joint Transit Pass Ownership and 
Use Frequency Choice Model
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 Expected Maximum Utility of Transit Usages:

 Separate models of usages for pass owners and non-pass 
owners, results Ipass and Ino-pass

 Separate mean trip rates (λ1 and λ2) instead of same 
rate (λ) for both groups

 Separate additional systematic trip rate specific
utility functions and/or dispersion parameters (r)

Joint Transit Pass Ownership and 
Use Frequency Choice Model



Total Distance Travel Demand
 Considering multiplicative exponential formulations of total 

demand

Here, K indicates covariates explaining distance travel

αk indicates coefficient of covariate k

εD is a random variable with normal distribution of   zero 
mean and  σ2 variance. 
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 As per normal distribution, the probability of observing a 
total of D km of travel by transit in y trips
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Here ϕ( . ) the pdf of a standard normal 



 Frequency of transit trips and total distance travelled by 
transit can be correlated.

 Systematic correlation can be captured by accommodating 
a same set of explanatory variables in both frequency and 
distance travel demand model components

 However, correlations among random variables 
influencing  two choices (endogeneity) requires special 
treatment

Transit Pass Ownership and Usage 
Frequency & Distance Travel Model



Nested OGEV-Continuous model
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Here ϕ( . ) is the pdf of a standard normal
Φ-1( . ) is the inverse of a univariate standard normal

Φ2( . ) is the cdf of a bivariate standard normal

Transit Pass Ownership and Usage 
Frequency & Distance Travel Model



Role of Transit Pass Ownership on 
Transit Service Demands

Distinguished differences in behaviour of transit pass owners and 
non-pass owners

 Separate constant average frequency

 Differential influences of the factors affecting daily average 
frequencies of transit usage

 Differences in overall dispersions of frequencies  

 Differential influences of various factors affecting choices of 
specific frequencies of transit usages

 Differences in correlations between unobserved factors 
affecting transit frequency of usage (as well as pass ownership) 
and total distance travel demands

 Differences in variances of total distance travel demands

 Differential effects of same variables in defining total distance 
travel demands



Assessing Transit Pass as a Mobility 
Tool

 A mobility tool would accrue more benefit than 
just the benefit of daily usage of the tool

 Is there any other systematic factors other 
than benefit drawn from daily usage in 
transit pass owning?

 Answer to these two would allow testing a 
hypothesis of transit pass as a mobility tool.



Data for
Estimation 

Number of individual making no transit trips 101,053 

Number of individual making 1 transit trip 3365 

Number of individual making 2 transit trips 19191 

Number of individual making 3 transit trips 1549 

Number of individual making 4 transit trips 868 

Number of individual making 5 transit trips 121 

Number of individual making 6 transit trips 34 

Number of individual making 7 transit trips 11 

Number of individual making 8 transit trips 4 

 
Variable        Mean Standard Deviation  

Distance (km) travelled by transit: 1 trip makers 6.57 5.60 

Distance (km) travelled by transit: 2 trips makers 19.23 13.80 

Distance (km) travelled by transit: 3 trips makers 22.53 13.70 

Distance (km) travelled by transit: 4 trips makers 24.75 14.57 

Distance (km) travelled by transit: 5 trips makers 29.30 14.64 

Distance (km) travelled by transit: 6 trips makers 31.88 18.41 

Distance (km) travelled by transit: 7 trips makers 28.10 19.33 

Distance (km) travelled by transit: 8 trips makers 25.71 9.61 

Distance between home and closest transit stop 0.27 0.16 

Distance between home and closest rapid transit station 3.01 2.67 

Population density (per sq km) in home zone  7260 6461 

Home to Toronto downtown (CBD) distance (km) 14.65 8.05 

 



Data for
Estimation 

Variables Sample Proportions (%) 

Gender 
 

Female  44.50 

Male  55.47 

Driver licence ownership (irrespective of transit trip frequency) 

Yes 63.80 

No 36.20 

Employment Status  
 

Full time 29.2 

Part time 7.99 

Work at home full time 3.86 

Work at home part time 1.47 

Not employed 57.45 

Student Status 
 

Not a student 84.74 

Full time student 13.05 

Part time student 2.21 

Free Parking at work Place  
 

Yes 22.79 

No  77.21 

Home location in the city: 
 

Planning district 1 (Downtown Toronto) 9 

Planning district 2-6 (Inner suburb surrounding Downtown) 39 

Planning district 7-9 (Outer suburb on west of inner suburb) 13 

Planning district 10-12 (Outer suburb on north of inner suburb) 15 

Planning district 13-14 (Outer suburb on east of inner suburb) 11 

Planning district 14-16 (Outer suburb on east of inner suburb) 13 

Dwelling Type 
 

House 55.53 

Apartment 38.19 

Townhouse 6.28 

 



Estimated Model 
Parameters



Estimated Model Parameters



Estimated Model Parameters



Estimated Model Parameters



Who draws more benefit from daily 
usage?

Non-pass owner
Pass owner

 Non-pass owners seem to have higher consumer surplus/benefit drawn 

from daily transit usage

 Pass owners seem to have benefits of owning a pass over and above the 

benefit drawn from daily usage of the service



What derives the choice of owning a pass?
 Expected maximum utility of daily usage plays great roles

 However, there are moderating factors: 

 Availability of free parking at work place, longer distance from home 

to nearest rapid transit station and larger household size tend to 

lower the attraction of owning a pass

 People living in high income zones/neighbourhood have higher 

positive utility of owning a pass

 Having a job (part time or full time) or student status provides 

positive utility of owning a pass compared to non-workers

 Living in apartments or townhouses seem to have positive utility of 

owning a pass than those living in detached or semi-detached 

houses



What influences daily frequency?



What influences daily frequency?
 Pass owners are more likely to make more than 1 trip per day if they 

make any trip

 Marginal effects of the same set of variables on trip frequency are much 

higher for pass-owners than non-pass owners

 Spatial variations are clear in differencing effects of different factors on 

frequency choices of pass and non-pass owners:

 People living in western part of outer suburb who don’t own a 

transit pass do not show any significant pattern of not making 

such trip

 Pass owners living farther from the Downton are more likely to 

have higher average trip rates, but the opposite is true for non-

pass owners

 Overall, females tend to have lower daily trip rate than the males



What influences daily usage? Additional 
frequency-specific influence

 Age captures individual frequency-specific effects (including zero-inflation 

for non-pass owners) and show very different for pass and non-pass 

owners

 Older pass-owners are more likely to make single transit trip



What influences daily distance travel 
demand?

Transit station accessibility (distance from home to 

nearest transit stop) increases the need to travel 

longer distance by transit

People living far from the downtown are more likely to 

travel longer distances

Older people are less likely to travel longer distance 

than younger people



Conclusions

 OGEV scale parameter: People living close to the 
Downtown have stronger correlation between two 
consecutive trip rates

 Overall contribution of this paper is of two folds: 
methodological and empirical evidences.

 Methodologically: the formulation of a RUM-based 
count-discrete-continuous model (closed form 
econometric formulation)

 Empirically: evidences of how transit pass 
ownership can influence different transit usage 
behaviour



Possible Applications of the Model

 Aggregate transit ridership forecasting  by transit by 
different groups of people

 Assessing impacts of different fare system on different 
socio-economic group:

 Considering revenue neutral assumption, we can 
estimate optimum rate of distance-based fare

 Then using the model to predict total cost incurred to 
different socio-economic group of people

 traveldistance Total distance)unitperfare (Optimum(a)fareBase

FrequencyTripTransitTicket)retailaof(Cost







Related On-going Research: Integrated Model to 
Evaluate Road Pricing in Multimodal Context
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Note: OGEV Formulation

 A GEV formulation:
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• G(.) is the GEV generating function
• Gk(.) is partial derivative of G(.) with respect to 

kth argument of G(.)

 Consider a GEV Function:
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Note: OGEV Formulation
 Probability of kth alternative: Considering ρ=1-σ
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Note: OGEV Alternative Formulation
 Probability of kth alternative: Considering ρ=1-σ
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Note: OGEV Alternative Formulation
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Note: OGEV Alternative Formulation
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Note: OGEV Alternative Formulation
 For Negative Binomial formulation
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