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Outline

 Current trends in energy demand and the 
role of transportation

 Determinants transportation energy 
demand

 Transportation Demand: devils in the 
details

 Understanding, modelling and data needs

 Research collaborations



Introduction

Energy Consumption by Sectors in Canada



Why Should We Care?

GHG Emissions in Canada 

30% energy 

share, but 

38% GHG 

contribution



What Do We Observe?

Growth in Energy 

Usage in Canada 

(Source: Transport 

Canada)

Growth in GHG 

Emission in 

Canada 

(Source: Transport 

Canada)



Between 1990 to 2013

 Energy efficiency in transportation sector improved 29%

 Total transportation energy use increased 43%

 Passenger transportation energy efficiency improved 27%

 Transportation energy use increased by 20%

 It would have increased 46% without efficiency 

gains

What Do We Observe?



What Drives the Growths in Passenger 

Transport?

Increasing private 

car ownership 

& 

Increasing use of 

private cars for 

transportation



What Drives the Growths in Passenger 

Transport?

Higher rate of 

increasing light 

truck (SUV) 

With lower rate of 

energy intensity gain 

for light trucks (SUV)



Measuring Passenger Transportation 

Energy Demand

Number of trips

Avg. trip Distance

Proportion of trips by 

different Modes

Energy Intensity of 

each mode

Total energy demand

II

OOii

JJ

DDjj

Trip GenerationTrip Generation

II JJ
Trip DistributionTrip Distribution

TTijij

II JJMode SplitMode Split

TTij,autoij,auto

TTij,transitij,transit

II

JJ

Trip Assignment

II

OOii

JJ

DDjj

Trip GenerationTrip Generation

II JJ
Trip DistributionTrip Distribution

TTijij

II JJMode SplitMode Split

TTij,autoij,auto

TTij,transitij,transit

II

OOii

IIII

OOii

JJJJ

DDjj

Trip GenerationTrip Generation

IIII JJJJ
Trip DistributionTrip Distribution

TTijij

IIII JJJJMode SplitMode Split

TTij,autoij,auto

TTij,transitij,transit

II

JJ

IIII

JJJJ

Trip Assignment



Measuring Passenger Transportation 

Energy Demand: Key Determinants

Number of trips

Avg. trip Distance

Proportion of trips by 

different Modes

Energy Intensity of 

each mode

Total energy demand

 Home location

 Work location

 Shopping 

locations

 Social network

 Car ownership

 Car type 

choices

 Choice of mode 

for different trips



Measuring Passenger Transportation 

Energy Demand: Key Determinants

Number of trips

Avg. trip Distance

Proportion of trips by 

different Modes

Energy Intensity of 

each mode

Total energy demand

 Home 

location

 Work location

 Shopping 

locations

 Social 

network

 Car 

ownership

 Car type 

choices

 Choice of 

mode for 

different trips

 Job-Housing 

Balance

 Land Use

 Transportation 

System

 Car (fuel) 

Technology

 Advances in 

Telecomm.

 New 

paradigms!



Car-Oriented Urban Growth & Transportation



 Transportation and urban 

form are fundamentally 

linked.

 How we build our city 

directly determines travel 

needs, viability of alternative 

travel modes, etc.

 Transportation, in turn, 

influences land development 

and location choices of 

people & firms.



Urban density in Person per hector
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Truth about Transportation Demand 

and Travel Behaviour

 Demand for transportation is always more than what we 

observe:

 However, building new roads does not reduce 

congestion in the long-run

 There is no one silver bullet to develop sustainable 

transportation

 A portfolio of approaches that combined 

technological advances, regulations and regional 

planning approaches



Transportation Energy Demand in 

Highly Automated System 

Wadud et al, 2016



 Proper Understanding Requires 

better Measurement of Travel 

Behaviour

 Better Measurement Requires 

Precise Specification 

 Better Measurement & Precise 

Specification Allows Accurate 

Modelling 



System Perspective of Transportation

Control

Components

Purpose

Capacity

Transportation System

Performance

Feedback

Feedback

Impacts

Impacts

Hierarchy

Higher Order System

Higher Order System

Boundary

a group of  

interrelated 

components. 

form a 

complicated and 

unified whole.

intended to 

serve some 

purposes. 

through the 

performance of  

its interactive 

parts.



Transportation: Demand-Supply Perspective

Socio-

Economic

Activities

Demand 

For

Transportation 

Demand-

Supply

Interaction

Transportation 

Network

Transportation 

System 

Performance

(flow, speed,

safety, pollution, 

etc.)

-Benefit

-Externalities

System Performance: 

An important consideration guiding the definition of  problems and 

opportunities that become focus of  planning efforts.

System performance measures are necessary for the decision-making process 

in transportation planning.

System performance measures should be defined not only as outputs, but also 

as the outcomes on society.



System Performance <> Feedback

Desired 

Demand for

Transportation:

D* 

Equilibrium

Demand:

D

Transportation

Supply: System

Performance 

Feedback

Feedback

Dynamics of  Demand-Supply Interaction: 

Observed demand is equilibrium demand.

Desired demand is always higher than the equilibrium demand.

Changes in system performance affects demand as well as system performance.

Truly dynamic and two-way interaction and feedback. 



Measuring Demand: Users’ Perspective

Demand 

for 

Transportation

System-wide

Perspective

Individual 

User’s Perspective

Aggregate

Approach

Disaggregate

Approach
Individual User’s Perspective: 

Understanding urban spatial and socio-economic context.

Understanding preferences or options.

Understanding choice making behaviour.

Evaluating elasticity of  demands. 

Traveller’s

Choices



“Demand” vs “Behavior”

Demand

– Aggregate

– Forecast

– Transportation 

Demand 

Forecasting

Behavior/Choice

– Disaggregate

– Explain

– Traveler 

Behavior and 

Values



Understanding Necessary

Need to know what is the current demand 

situation and peoples’ travel behaviour?

Need to know what was going on? Recent 

past

Need to understand where are you moving 

towards?

Need analytical tools to deal with all of 

these – Models !



Data: The Fundamental Building Block

Data for 

Modelling

Choices

Observed 

Behaviour

Stated

Choices

Revealed

Preferences(RP) Data:

-Household Travel Survey

-Origin-destination Survey

-etc.

Stated

Preferences(SP) Data:

-Stated Choice 

Experiments.

Identifying the data underlying data generation process 

is important for appropriate modelling



Observed Data are not Enough: Need 

Experiments

X1

X2

RP

SP

Technological 
Frontier

Speed

1/Cost Technological 
Frontier

Walk
Bike

Bus

Train

Car
Car sharing

High 

speed 
rail

Harnessing the power of  joint RP-SP data is an 

interesting challenge for modelling travellers’ choices.



Importance of Advanced Methodology

Land Use / Travel Demand

Time
Base
Year

Forecast
Horizon

Historical
Trend

Trend
Projection

Dynamic, path-
dependent response to 
policy initiatives



Flows, Times, etc. External Impacts

Land Use

Location Choice

Vehicle

Ownership

Activity/Travel &

Goods Movement

Demographics

Regional Economics

Government Policies

Transport System
Dynamic Traffic

Assignment Model

Car   

Ownership

Integrated Transportation & Urban 

system



Flows, Times, etc. External Impacts

Land Use

Location Choice

Vehicle

Ownership

Activity/Travel &

Goods Movement

Demographics

Regional Economics

Government Policies

Transport System
Dynamic Traffic

Assignment Model

Mobility Tool 

Ownership

Integrated Transportation & Urban 

system



Collaborative Research with 

Polytechnique Montréal - IET

Catherine Morency

Martin Trepanier

1. Advanced Data Collection Program Design: TTS2.0 project

2. Advanced Travel Demand Modelling: CUSTOM

3. Shared mobility: Investigating Carsharing

4. Modelling Mobility Tool Ownership

5. Integrated Modelling Framework for Transporting 

Energy and Emission



Transportation Tomorrow Survey-TTS 2.0: 

A Multi University R&D project on Travel Data 

Collection



Region
Based

Residents
Business/

Government

Work/school 

commuting

Shopping, 

social, leisure,

recreation 

Goods 

movement

Service 

provision

Business 

travel
Tourism

Travel 

Within the Region

Travel 

to/from the Region

Travel

through the Region

Who

Why

Where

Non-Region

Based

Residents
Business/

Government

Tourism
Goods 

movement

Service 

provision

Business 

travel

How Auto Bus Rail
Pedestrian/ 

bicycle
Truck Marine Air

Peak 

hours
Off Peak Weekday Weekend Fall WinterSpring SummerWhen

Source: TAC,2012



Goals and 

Objectives

Performance 

Indicators

Alternative 

Policy 

Strategies

Evaluation

Selection/ 

Prioritization

Transport / 

Activity 

Data

Analysis 

and 

Models of 

Transport/ 

Activity 

Systems 

Operation

Planning process Data and 
Modelling/
Analysis

Real World

Reflected in…

Articulated 
in…

Used to 
identify…

Which 
require…

Leading 
to…

Used to identify…

Necessary for…

Leading to…

Required 
for…

Transport/ 

Activity 

Systems 

Operation

Data 

Collection 

Systems

Policy 

Actions

Which 
affect…

Monitored 
by…

Resulting in…

Technology

Economic 

factors 

(e.g. fuel 

price)

External 
Factors

Climate 

Change

Etc.

Which 
affect…

Data and Modelling in Planning Process

Source: TAC,2012



Travel

Demand

Activity 

System

Transportatio

n Supply

Performance

and Impacts

Extern

al 

Factors

System Characteristics System Behaviour

Transport/ 
Activity 
Systems
Operations

Data 
Collection 
Systems

Data 
OD demand  

by mode,   

by purpose, 

by time of 

day,

etc.

Population,

Employment

Car 

ownership,

etc.

Road 

network,

Transit 

network, 

Schedules,  

etc.

Travel times, 

speeds, 

pollution, 

safety

Fuel prices, 

interest rates, 

weather, 

Census, Inventories, surveys,  counts, 

passive data, impact monitoring, etc.

Major Transportation Data Categories



Collection of Personal Travel Data

• Telephone, web-based

• Face-to-face, mail back

Household Travel 
Surveys

• Road side interview

• On-board surveys
Choice based 

Surveys

• GPS, roadside detectors 

• Smart card, mobile phones
Standard Technology 

based Surveys

• Remote sensing, accelerometer

• Social network, Big data
Emerging Technology 

based Surveys



Evolving Practice: Developing a 
“R&D Mentality”
 Understanding data needs; how these needs are 

changing over time

 Pro-actively & systematically experiment with new 

methods to update/improve their practice over time

 Instill an ability/willingness to innovate in an environment 

of risk.  Find ways to reduce this risk:

– Collaborative efforts.

– Subsidies from senior gov’t, demonstration projects.

– Share findings with & learn from the experiences of 

others across the country and internationally.

– “Side-by-side” experimentation (new tested in parallel 

with current).



CORE SURVEY:

Home Interview Survey

• Large sample

• Key/core variables

• Key household & person

variables

• Trips by mode, purpose 

& time of day

Satellite 1

HOV Usage

Satellite 2

Bicycle 

Usage

Screenline counts, all vehicle 

types

Transit boarding counts

Roadway speed-time studies

Transit line headways, speeds, 

etc.; transit fare policies

Parking supply & price

Auto operating costs, 

including tolls

Road segment capacities, 

speeds, etc.

Satellite 3

Elderly 

Travel 

Needs

Bicycle facilities inventory 

(bike lanes, bike parking, …)

Bike-share services & usage

HOV lane inventory, rules, …

Inventory of major facilities 

for seniors: community 

centres, health care facilities, 

etc.

Satellite 4

Auto 

Ownership 

& Usage

Capital & operating costs of 

vehicles by type, vintage, fuel 

type, etc.

Vehicles by type, vintage, fuel 

type, etc.

Census data

Core-Satellite Design for Urban 
Travel Demand Modelling



No Task/Report Time Line Status

1 Land-Line-Based Survey Methods May-Sept, 2015 Completed

2 Web-Based Survey Methods May-Sept, 2015 Completed

3 Smart phone -Based Survey Methods May-Sept, 2015 Completed

4 Continuous Survey Review May-Nov, 2015 Completed

5 Draft Round 1 Pilot Test Design Jan, 2016 

6 Final Round 1 Pilot Test Design Feb-Mar, 2016 

7 Conduct Round 1 of Pilot Tests Apr-Aug, 2016 Permissions/agreements

7 Draft Round 1 Field Test Design June-Aug, 2016 

8 Presto Card Data for Planning & Modelling Apr-Sept, 2016 Data agreements

9 Passive Dataset Applications Apr-Oct, 2016 Data agreements

10 Satellite Survey Options Apr-Nov, 2016 

11 Analysis & Evaluation of Round 1 Pilot Tests Dec 31, 2016 

12 Design & Conduct of Round 1 Field Tests January 31. 2017 

13 Analysis & Evaluation of Round 1 Field Tests March 31, 2017 

14 Round 2 Pilot Test Design April 30, 2017 

15 Draft Round 2 Field Test Design July 31, 2017 

16 Analysis & Evaluation of Round 2 Pilot Tests August 31, 2017 

17 Data Fusion Methods & Applications October 31, 2017 

18 Design & Conduct of Round 2 Field Tests January 31, 2018 

19 Analysis & Evaluation of Round 2 Field Tests February 28, 2018 

20 TTS 2.0 Final Project Report March 31, 2018 



Activity-Based Travel Demand Modelling

Comprehensive Utility-maximizing System of 

Travel Options Modelling (CUSTOM)



Travel Demand Modelling: Three 

Pillars of Shifting Paradigm

Evolving 
Paradigm 
of Travel 
Demand 

Modelling

Dynamic 
Transportation

Planning
Need 

Integration of 

Land Use 
and 

Transportation

Sustainability 
and 

Green Visions

Trip-based 

Aggregate 

Demand Model

Activity-based 

Dynamic 

Disaggregate 

Demand Model



At-home

Drop-off

Work

Pick-up

Time budget defining feasible activity space

ShoppingTime budget defining feasible activity space

Time budget defining feasible 

activity space

Home

Home

Time budget: modelling time frame defining feasible activity space



Modelling Traveller’s Choices

Travellers are rational human being:

Travellers make decision/choice that satisfy their 
need/bring benefit/reduce grief.

Travellers are intelligent: learning and adaptation, 
short-term versus long-term responses.

Difficult to force people to change behaviour, unless 
system performance and/or urban contexts (application 
of policies) force people to do.

Psychological factors: habit, inertia, liking, etc.



Modelling for Informed Planning

Modelling Approach: A contextual decision.

Modelling challenges: data availability & appropriate 

mathematical formulation to capture travellers’ 

behaviour.

Issues related to modelling travellers’ behaviour:

Response biases in data.

Heterogeneity/Heteroskedasticity

Choice context

Available options and perceptions

Psychological factors: habit, intertie, etc.



Shared Mobility: Carsharing as an Alternative 

to Car Ownership



Carsharing in Montreal



Vehicle Technology and Carsharing in 

Montreal



Modelling Mobility Tool 

Ownership



Mobility 

Tool 

Ownership

of Post-

Secondary 

students

in Toronto

Choice Alternatives Observed %

No tools 12.32

Driving lincense only 11.67

Car 6.04

Transit pass 11.54

Bike 8.83

Driving lincese & Transit pass 8.38

Driving lincese & Bike 13.93

Car & Transit pass 2.44

Car & Bike 7.21

Transit pass & Bike 7.43

Driving license, Transit pass & Bike 7.92

Car, Transit pass & Bike 2.30



Mobility Tool Choice: Cross-Nested 

Structure
Choice

No Tool Driving license

dominated Nest

Car 

dominated Nest

Transit pass

dominated Nest

Bike 

Dominated Nest

Driving

License

only

Car

only

Transit 

Pass

only

Bike

only

Driving

license

& 

transit 

pass

Driving

license

& 

bike

Car

& 

Transit 

pass

Car

& 

Bike

Transit 

pass

& 

Bike

Car,

Transit 

pass

& 

Bike

Driving 

License,

Transit 

pass

& 

Bike

No Tool



What Defines the Choice?



Looking ahead



Urban Transportation: A Holistic View

Transportation

Goods and 

Service 

Market

Household Long-

Term Choice:

Residential Mobility

Work location choice

Labour supply

Mobility tool

Business Long-

Term Choice:

Mobility

Location choice

Labour demand

Household Short-Term Choice:

Activity-travel patterns 

Inter- and Intra-household 

interactions

Vehicle allocation

Business Short-Term 

Choice:

Economic interactions

Freight transportation

Commuting trips

Real Estate 

Market

Labour Market



Integrated Transportation Energy and 

Emissions Modelling

Mobility Tool 

Ownership

Activity-Travel scheduling 

Model: CUSTOM

Mobility Tool 

allocation



Data Need and Advances in Demand Models

Increasing Complexity of Model FormulationIn
c

re
a

s
in

g
 N

e
e

d
s

 o
f 

B
e

h
a

v
io

u
ra

l 
M

ic
ro

 D
a

ta

Tour-

based 

Dynamic 

Model

Activity-

based 

Dynamic 

Model

Advanced 

Choice 

Models
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Linear 

Regression 
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Trip-based 

4-Stage 

Model



Requires research funding for

-Data Collection

-Graduate students



Questions ?


