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Introduction to Activity-
Based Models

= What is an activity-based travel model?
= Why adopt an activity-based approach?

= A generic framework for activity-based
modelling.

= Tour-based vs. activity-scheduling models.

= Implementing ABM: Agent-based
microsimulation.
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Why activity-based modelling
(ABM)?

?

= It has long been understood that travel is a derived
demand: we generally do not travel for the sake of
travel per se, but in order to participate in out-of-
home activities.

= Thus, the motivation and utility of travel derives
largely from activity participation, as does the
frequency, timing and location of trip-making.

= And so, to understand and model travel, we really
need to approach the problem from an activity-
based perspective.
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Trip-Based Demand Modelling

= Trip-based demand models are at best a “first- -
order approximation” to activity-based Forecasts
modelling. v
= (Can get away with this if only interested in peak- I o ‘
period commuting & willing to ignore a host of |
factors affecting actual travel decisions. o |8
= But such models are inadequate to address a Sl
wide range of current & emerging issues: l Transportation
— GHG emissions. ModeSpllt - 8 Network & Servics
— Equity concerns. l
— Household interactions. o ‘
— Tour interactions. Assignment |
— Road pricing & transit fare policies.

— Land use interactions.
— Off-peak (let alone weekend) travel.

Source: Meyer, M.D. & E.J. Miller
Link & O-D Flows (2001) Urban Transportation
" | Planning, New York: McGraw-Hill

— In-home & online activities & their impact on travel. Times, Costs, Etc.
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What is an activity-based model?

= An activity-based model is one in which out-
of-home activity participation is explicitly
modelled, with trips being the emergent
outcome of the need to travel to these out-of-
home locations (and to eventually return
home again).

Activity-Based Travel
Demand Models

= Activity-based modelling recognizes that: B
— A fundamental part of decision-making is not just

b AN 13

where to travel but the “why”, “when” and “how long”
of out-of-home activities.

— Travel needs to be understood within the context of
daily activity patterns and the tours (trip-chains)
used to engage in these activities, not just isolated,
unconnected trips.

— Activity & travel are constrained in a variety of ways:
time, space, personal capabilities & resources, etc.

S,
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Activity vs. tour-based models

v

Longer Term & Mobility Models

Usual work and school location

= Most operational models, however, are not
activity-based (despite being labelled as

such); they are tour-based.

v

Simulation of Day Patterns, Tours & Trips | This may be OK up tO a POint, Since

(conditional upon longer term & mobility choices)

Auto ownership / availability

Free parking eligibility / reimbursement

I adopting a tour-based viewpoint for
modelling travel is very important

= But many issues/problems exist with these

o |
= =

Highway and transit assignments

Figure 3.20. Longer-term and mobility choice models in an
activity-based model.

Basic Activity-Based Model Structure With Household Interactions I I I Odels PRPPEPS
Population Synthesizer

'

| Longer Term & Mability Models H Household Day & Pattern Types |

v

Individual Day Activity Pattern

:

Non-
Motorized

Walk (W)

Generation Generation Generation

Full Highway RUEICREHGE]  SETELEHGT Drive to Walk to
Network 2(52) 3+(S3) Transit (DT) [lTransit (WT)

| Tour Primary Destination, Mode & Schedule Non-toll Full Highway | Full Highway I |
i Highway Networl Netuiikal [ Local Bus |~ Local Bus
Stop Generation Time-of-Day Non-toll Non-toll
l Highway Highway |~ LightRail |~ Light Rail
| Stop Location Time-of-Day Premium Premium
:
Trip Mode & Time Figure 3.22. Tour-level model hierarchies found in practice in the United States.

Fath Type

Figure 3.21. Typical activity-based model structures. . ‘
9 L 4 Figure 3.26. Typical mode choice alternatives and nesting structure.
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Why is this important?
-

= Typical existing tour-based models have many weaknesses:
— The methodology is “ancient” (Bowman & Ben-Akiva, 1996).
— The model conceptual framework is very inflexible, not very
“behavioural” ang usually internally inconsistent (')
« Tour complexity is limited; excludes many possibilities.
« Treatment of mode choice is excessively complicated.
 Trip/tour generation very simplistic & generally inelastic.
 Decision structure is “hard-wired” and not easily extensible.
— The software is computationally inefficient, very complicated &
not generally extensible.
* Too much is “hard-wired” into the code.
« Challenging to estimate & calibrate.
* Very “black-boxy”.

= As aresult, many agencies are understandably reluctant to adopt
such models.

L& UNIVERSITY OF TORONTO
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Modelling Tours

- ThlS i.S d typlcal structure fOI' Basic Activity-Based Model Structure With Household Interactions
building tours in most —
Population Synthesizer
models.
. . ; v
. ThlS 1S not how pe()ple plan Longer Term & Mobility Models | Household Day & Pattern Types
their days. | |
- Overly I'lglc — res tI’iCtS the Individual Day Activity Pattern ‘- Joint Travel

pOtentlal for COII]..pl?X tours. Tour Primary Destination, Mode & Schedule
= Tour structures limited &

\

hard'Wired . Stop Generation

= Ignores issues of activity ‘
durations Stop Location

= Does not deal well with T
household interactions (if at
all) . Figure 3.21. Typical activity-based model structures.
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Mode Choice = Overly complicated.
= “Trip” vs. “tour” mode:
ad hoc & behaviourally
unsound.

m = Rigid decision structure.

s CT ] ?O‘;fg?e?};‘;ﬁprgﬁde
| Nontoll | FullHighway | Follighvay | o | ChOiceS.
Highway Network |~ Network .
S — = Cannot effectively
ey~ Hgway [ LMl [ ghtal introduce new modes.
| periom | premion = Often internally
=N inconsistent in
b Tpe allocation of cars to
Figure 3.26. Typical mode choice alternatives and nesting structure. drlvers .
= Computationally very
burdensome.
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What is the alternative? (1) 7

= Actually model activity participation! -

= ] like to label such models activity-
scheduling models.

= Many examples exist, but most are in the
academic literature and have not been
implemented.

» Examples include:

— ALBATROSS (FEATHERS); CEMDAP:;
ADAPTS/POLARIS; ...

— TASHA
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What is the alternative? (2)

1. Start with policy analysis needs that
determine model requirements.

2. Design a conceptual framework that is:

Behaviourally sound.

Addresses the model requirements as best as possible.
Parsimonious: is only as complicated as necessary.

Is feasible to implement given available/obtainable data.

NN

Supports efficient software design.

3. Implement the framework in well-designed,
efficient, flexible & extensible software.

FACULT\ APPLIED SCIENCE &« ENGINEERING
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What is the alternative? (3)

= Agent-based microsimulation! (another ABM)

= Current models are some form of microsimulation, but they
rarely take “human agency” seriously, and are rarely, if
ever, truly agent-based.

= But Ase"BM is by far the best way to implement A™VYBM,
both theoretically and practically.

= Implementing an activity-scheduling framework within an
AsentBM software system can address many/most of the
criticisms of current tour-based models. They can be:

— Behaviourally sound.
— Computationally efficient.

— Generate complex behaviour without being overly
complicated.

— Much more transparent to both analysts & decision-
makers.
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Human Agency (1):
es8
e What do persons & households “do”?

Interaction

with other 6
agents Com
plex
Cc?ntext / ; tours /
environmen activity

patterns

Activities are engaged in to generate utility (benefit).

= Persons & households respond to their
They both consume and generate resources.

environment (the state of “the World”)
and act into the World (and thereby Resources in Resources out

affect its state) by making (and Activity
Time =
Episode

eventually executing) decisions with
respect to the acquisition, allocation &
usage of tangible household and
personal resources:

— Time
— Money
— Goods & Services (notably housing
& cars)
— Knowledge Knowledge Knowledge

= The resources available to an agent
define the physical /technological /fiscal
context within which all activity occurs.

UNIVERSITY OF TORONTO
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E58

Interactix 4—|_
with other 8
agents ﬂ
Context / Gomplex IJ

: . tours /
environmen activity

patterns

Self-
Actualization

Eteem

(self-respect, esteem of others)

\
(affection, belongingness, family, social)

Safety
(security, stability, eedom from fear, etc.)

Physiological

(air, vyfer, food)

Maslow (1970)

&
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Conative Needs

Human Agency (2): Motivated Behaviour

Agents (people) are motivated
decision-makers attempting to satisfy
needs / achieve goals & objectives.

To do this, they take on projects.

— All human action is generated out of a
comprehensive set of projects.

— Include “biological” processes such birth,
death, aging, etc. as projects.

— Both persons & households have projects.

Within their projects, agents decide to engage in
activities (activity epzsodes)

— Episodes are the actual object. “Activity” i
simply the type of episode.

Decide how to allocate resources to activities
(resource management; time & monetary
budgets).

— All activity can be characterized as the
consumption and generation of resources.

Decide to enter markets in order to
acquire/exchange resources.

Generate flows through networks (travel, goods,
water, energy, information, .




ess L
9 N - Human Agency (3):

Interaction

with other <_I_ 3
B —t  Projects

: tours /
environment activity

patterns

10“

= Axhausen (1998) defines a project as a coordinated set of activities
tied together by a common goal or outcome.

= In this conceptual model, the project is the fundamental organizing
principle.

= Jtis argued that all activities (short- and long-run) are embedded
within and generated by projects.

= Projects may have sub-projects, which can have sub-sub-projects, and
SO On.

= An activity episode is thus an “elemental” project which contains
exactly one type of action.

&
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Projects, cont’d ab.d

= Persons & households have a
; . Projects
number of projects that require

one or more types of activities to Work P p— -
o . or cnhoo opping er
be undertaken to achieve project

goals.

= Activity episodes are generated r—
by pdroj ects to meet project
needs.

= Projects encapsulate the Project Project Project

decision-making logic,

1nf0rmat10n,. e,tc° ne.eded to An activity scheduler mediates between
generate activity episodes. projects and determines what activity

= Projects operate independently episodes get scheduled, and eventually,
of one another to generate an executed.

agenda of episodes in which it
would like to engage.

h UNIVERSITY OF TORONTO
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Activities & Episodes

= We live our lives through a sequence of activities in which
we engage.
= Activities are manifested in terms of individual episodes.
= Each episode has:
— duration.

— start time (end time = start + duration)
— location

= We travel to engage in activities.
= Trips are travel episodes; additional attributes:
— location involves two points: origin & destination

— mode
— route

4
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Agent-Based Microsimulation (Ase"BM)

An intelligent object 1s an agent (“an object with attitude”
— Paul Waddell).

Schedule -
Agents:
» perceive the world s SO v S MO i
around them. '/ ‘h\
 make autonomous
o | worker SN 1,
decisions.

Agenda Schedule
Agenda

This is a very different

Agents prOVid€ an efﬁcient, hlghly extensible, representation of activity

participation than in the

behaviourally-sound framework for modelling human  tour-based models
. . .. previously shown!
SOC10-economic activity.

e act into the world.

&
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Tour-Based Modelling

= Itis impossible to predict trip
characteristics “adequately”
outside of the context of the
tour (trip-chain) in which the
trip occurs.

= Perhaps the single biggest
advance due to the “activity-
based” apﬁ)roach is that it is
intrinsically tour-based.

= The technical challenge is how
to model complex tours in a
behaviourally sound &
computationally efficient way.

KX UNIVERSITY OF TORONTO
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Household-Based Modelling

= Household-based: Each person’s travel is
conditioned by the household within which
s/he lives:

— Allocation of household vehicles.
— Joint activities.
— Household member ride-sharing.
= Models that do not explicitly represent

household-level interactions ignore many
important constraints, interactions, etc.

i
i
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Households & Persons

Household
Allocation
Requests for resources, of resources,
availability for tasks assignment of
tasks

Person 1 Person 2

Activities are the outcome of the interaction between individual
and household decision processes.

i
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TASHA: Travel/Activity
Schedule for Household
Agents

= TASHA has been developed by the University of Toronto. Key
characteristics:

— Activity-based: explicit activity scheduling.

- A%lent;based: both persons & households interactively determine
behaviour.

— Household-based: first operational household-based model system.

— Project-based: all activities are generated by the agent’s projects, which
encapsulate the agent’s goals, preferences, etc.

— Fully microsimulation-based.
— Continuous time modelling for a 24-hour typical weekday.
— Tour-based.

* Fully multi-modal tours generated, with a strong emphasis on transit
modelling.

— Computationally efficient.
— Implementable using standard household travel survey data.

Kl UNIVERSITY OF TORONTO
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TASHA
Computational
Structure

Kl UNIVERSITY OF TORONTO

4

For every household h:

Generate household h activity episodes

\ 4

For each person p in household h:

Generate person p individual episodes (including
locations for NWS episodes)

v

Schedule person p’s individual & household episodes &

trips
v

Tour-based mode choice for person p

!

Assign household cars to drivers

v

Assign drivers & passengers to intra-household rideshare trips

) ' FACULTY or APPLIED SCIENCE &« ENGINEERING
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Case study: First We Take Toronto ...

= TASHA has been in
operational use by most
p anning agencies in the
Greater Toronto Area (GTA)
since early 2016.
— Going operational.
— Current status.

= Subsequent
“First we take Manhattan, then we lmplementathnS

mlf fjgifzin.c.z’.Cohen (1988) B Montreal, HahfaX;
Monterrey, Mexico; Sydney;

&
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City of Toronto implementation =]

= In late 2014 the UofT Travel
Modelling Group (TMG) was asked
by the City of Toronto to implement
TASHA as their operational travel
demand modelling system.

= Work on this started in early 2015.

= The operational version went “live” in
early 2016 & has been operational

use ever since. 77 sy rtowaon smarcrc
° ° ° ° (generated by GTAModel
= The first major application was the y
assessment of several major rail -
: ° e rave
transit investment options. modelling | o
group ’
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City of Toronto implementation (2):
GTAModel V4

Poak Travel Time to Pearson Alrport

= TASHA operates on a list of persons & H AB, :
householgs possessing known work & A ‘E
school locations, demographics and L3P T e
household auto ownership levels. het

= For operational use it needs to be
embedded within an overall model

system. This model system is
esignated GTAModel V4.

&
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High-Level Architecture of Activity /Travel
Model Systems

Medium/Long-Term “Mobility” Decisions
Population & * Place of work/school
Employment » » Auto ownership
Synthesis * Driver’s licence
Socio- T  Transit pass
economic 1 Person &
' Future Year Household
inputs } Daily Activity/Travel Decisions
Population & . . Agent
* Number & type of activity episodes
Employment . Per enisode: Decisions
Forecast p iy : :
e Start time, duration, location
* Trips to/from each episode
* Mode

:

“Realization” of Transport Network Simulation
travel within the * Assignment of trips by mode to paths

¢ Link & path perf
transport network Sl il e
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Synthesize persons,
Pop & Emp by Zone households & jobs

|

4 PORPOW PORPOS
)
Mobility Tools: Cars & DLICs

|
TASHA
* Activity generation
« Activity scheduling
 Tour-based model choice

» Auto allocation
* Ridesharing

GTAModel V4

Surface transit
speed updating

Emme Road & Transit High-order transit
Assignments by Time Period P&R station choice

|

No | converged? Yes) STOP

http://tmg.utoronto.ca/doc/1.6/gtamodel/index.html?

AR
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At a very high level of abstraction, the overall structure of GTAModel is
similar to other models. The key difference is in how daily activities, trips
& tours are built.

Population Synthesizer Pop & Emp by Zone >

: ——

Longer Term & Mobility Models

Usual work and school location * ; GTAM Odel V4

Auto ownership / availability

A\ 4

Free parking eligibility / reimbursement TASHA
- - * Activity generation
Transit pass ownership  Activity scheduling
‘ *» Tour-based model choice
* Auto allocation

Simulation of Day Patterns, Tours & Trips - Ridesharing
(conditional upon longer term & mobility choices)

‘ Surface transit speed Emme Road & Transit Assignments High-order transit P&R
Highway and transit assignments updating by Time Period station choice

Figure 3.20. Longer-term and mobility choice models in an T * Yes
g” y } No Converged? » STOP
activity-based model.

%
P
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eXtensible Travel Modelling Framework
(XTMF)

= TASHA & GTAModel are implemented in
XTMF, custom software developed at TMG
to support rapid, flexible, extensible
development of model systems.

InitialAssignments

= XTMF is written in C# under .net. - e il
The root of the model system
= It currently consists of over 789 modules = Seeckive e el e e
o ° o — orkingDatabank.em
within an integrated platform to support: S
e \Groups\TMG\Research\2022 etworks
— Model system construction. '[Z shndneres B
}Wor mqData ank.emp
— Model parameter estimation. 1= criammes e ,
“\Program Files\INRO\Emme\Emme #\Emme-4.6.2 ;
- MOdel and mOdel SyStem Valldatlon. ' 0 I‘Z-J:n:ejz:;jzn available C:\Program Files\INRO\Emme\Emme A\Emme-4.6.2

— Input data preparation.
— Model system runs.
— Output results analysis & visualization

= XTMF supports a full interface with Emm,
Vissum & Aimsun through the TMG
Toolbox.

= Both XTMF & the Toolbox are open source
(GPLv3) & available on GitHub.

= Computational efficiency emphasized!

' 1 Scenario-Network/Base

Scenario-Transit Fares\Base

Tasha.Utilities BasicTravelDemandMode! [InitialAssignments] (D) Mode! System Requirements £ 572 Moduies

Kl UNIVERSITY OF TORONTO
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Computational Efficiency

= XTMF, V4 and TASHA have all been “optimized” as far as
possible to generate quick run times. This requires detailed

attention to both:

— Model design:
« Parsimonious model design.
« “Keep it simple” (as much as possible).
« Exploit the ABM approach to simplify whenever possible.

— Computer code:
 Parallization whenever possible.
* GPU usage where possible.

= Can run on laptops, desktops, servers (recommended).

= Currently, full model system runs take approx. 1 hour on a high-
end server.

— Vast majority of this time is taken by the road & transit
assignments.

Kl UNIVERSITY OF TORONTO
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Model System Components

= Population Synthesis.

» Medium/Long-Term Choices
= TASHA.

= Network Models.

= Ancillary Models.

4
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Dwelling Unit 1

Ex8

(occupied)

POPULATION
SYNTHESIS

P UNIVERSITY OF TORONTO
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Household
(private)

0..1)

€3

Census Family

Person

(non-institutional)




Synthesizing Person & Households

= In an activity/agent-based microsimulation
model, every person in every household in
the study area is synthesized from aggregate
data using a population synthesis procedure.

= Person & household attributes required by
the model system are generated so as to be as
statistically consistent as possible with
known control totals.

UNIVE RSITY OF TORONTO
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Population Synthesis

1. Itis a data fitting procedure; not a behavioural model of the
synthesized agents. It is a numerical approximation method.

2. Itis a solution to circumvent the statistical disclosure control to
produce micro data without violating the privacy protection
regulations of individuals’ data.

3. Itis the first step in the activity-based microsimulation of agents
(households and persons) travel behaviour in the study area.

4. It 1is based on fusing different datasets; e.g., sample and universal sets
to generate a disaggregate agents’ representation of the study area.

5. Itresults in a structured (controlled) cross-tabulation/cross-
classification of the disaggregate population for agent-based
behavioural microsimulation methods.

KX UNIVERSITY OF TORONTO
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E.g.: Synthesis Using =~
IPF

= Aggregate tables characterizing the B R
population 1n the area of interest for I
the base year must be available. Ry N
These define “marginals™ of the LT / /
unknown full joint distribution of the | / -
population to be synthesized. 0, mebaflan, i

= The IPF procedure produces a W L
statistically most-likely joint Ny
distribution. .

* [ndividual agents with a full set of Ppﬁfssg’;‘ /];get Sex Educ. Oce. Emp. ...
specific attributes are then randomly ID Code Code Status

drawn from this joint distribution. 1207 36 M 4 1 FT ..

1354 32 F 5 2 PT ...

K@ UNIVERSITY OF TORONTO
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PopSyn Procedure (1)

= What should be included in the PopSyn procedure. Agents’ attributes
that are not transportation system / accessibility-dependent (or are
determined by residential location choices that ﬁe outside the model
system). E.g.,:
— Demographics.
— Labour force participation.
— School participation.
= What should not be included:
— Transportation system-dependent decisions. E.g., mobility tools:
 Driver’s licences.
« Auto ownership.
* Work & school location choices.
= Optional:
— Income (usually included).
— How to handle Work-at-Home.

4
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PopSyn Procedure (2)

= Many procedures exist.
= Key criteria:
— Both persons & households need to be jointly
& consistently synthesized.

— All attributes required by the activity/travel
model must be generated.

— Future year characteristics must be
synthesizable.

4
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PopSyn Procedure (3)

= GTAModel supports several procedures:
— Cloning of survey records.
— PopSyn3
— MetroPop

* Custom procedure developed for the Toronto region.
« Hybrid IPU & logit probability models.
 Jobs as well as population.

— Any other procedure that generates required
person & household attributes.

FACULT\ APPLIED SCIENCE &« ENGINEERING
n Research Ins
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MetroPop Structure

Synthetic Population and Households
Allocator;

TTS;
Census

“Synthetic” Jobs (at place of work) and Enroliment

AIIocat.or; Jobs:;
TTS; Enrollment
Census

KX UNIVERSITY OF TORONTO
 FACULTY or APPLIED SCIENCE &« ENGINEERING
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E.g., Person Attributes (1)

= Synthesized:
— Age (continuous integer)
— Sex (M/F)

— School Status (FT; PT; not a
student)

= Modelled:
— School Zone
— Driver License (Yes/No)

UNIVE RSITY OF TORONTO
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Person Attributes (2)

» Synthesized:

— Occupation
* Professional
* General Office
« Sales/Service
« Manufacturing/Other

— Employment Status
* Full-time, work out of home
« Part-time, work out of home
* Full-Time WaH
 Part-Time WaH

» Modelled:
— Employment Zone (Primary)

Kl UNIVERSITY OF TORONTO
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Household Attributes

= Synthesized:
— Household TAZ
— Number of persons
— Income Class
= Modelled:
— Number of cars (0, 1, 2, 3+)

e
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Job “Synthesis”

= Total employment by traffic zone is an input to the model
system.

= TTS PD-level distributions are used to disaggregate total
employment into jobs by the 4 TTS occupation groups:
— Professional, managerial, technical
— General office
— Sales & Service
— Manufacturing, construction, other
= and 2 employment status categories:
— Full-time worker
— Part-time worker

Kl UNIVERSITY OF TORONTO
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MEDIUM/LONG-TERM
MODELS

Place-of-Resident-Place-of-Work (PoRPoW)
Place-of-Residence-Place-of-School (PoRPoS)
Driver’s License (DLIC)

Number of Vehicles (NVEH)
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Place of Residence — Place of
Work (PoR-PoW) Model

Base year O-D trip matrices |—p{ [nitial Road & Transit Assignments

 Specific work zones are allocated to 7
each worker. Ewr—— >{ Rosd & TransicLoS Data
- Separate models for each Occupation |~ Tow e )j_\, e
and Employment Status category. v choce i Pr°'°ab‘““‘~‘$// Probabilies
A doubly-constrained gravity model is i // — Mg —
used to define the probabilities of a P* A o 1 Awoner || e “

& Job Lists

worker living in zone i working in zone j. | Househo (

s—/ -Af

« Uses an auto-, transit-, and distance-

based logit model for the impedance -
. ousehold Trips
function. ot
¢ Airport Trips
« Monte Carlo simulation allocates a PoW R°ad&“a"5‘tfsignme"ts [
Truck Trips

to each worker. No v;.s‘
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WaH, NUPW, Usual Place of Work & WtH

= Three types of work location:

— WaH: “Work at Home”: The worker has no out-of-home
workplace.

 Identified during population synthesis.

— NUPW: “No usual place of work”: The worker is employed
outside the home but does not have a fixed workplace (e.g.,
construction workers; service repairmen; etc.).

 Also identified during population synthesis.
 If a work episode is generated by TASHA, then a work location for this
episode is generated using a MNL location choice model.

— Worker has a usual, out-of-home workplace.

« PoRPoW model assigns a specific workplace to each of these workers.

e Inthe TASHA work project it is determined if the worker will work from

home (WfH) this day or engage in an out-of-home work episode (i.e.,
commute to work).

Kl UNIVERSITY OF TORONTO
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Model Specification (1)

= Doubly constrained gravity model.

= (QOccupation groups: General Office (G), Sales & Service
(S), Professional/Managerial /Technical (P) and
Manufacturing/Other (M).

— Current Toronto survey occupation categories.
= Worker types: Full-time (FT) and part-time (PT)
= WaH & NUPW workers are excluded.
— WaH: Generated in PopSyn. No workplace to choose.

— NUPW: Workplace location chosen when the episode is
generated.

FACULT\ APPLIED SCIENCE &« ENGINEERING
n Research Ins

P UNIVERSITY OF TORONTO
Z




Model Specification (2)

W.E.eVij L.
Lij = P = — Vii= as+ Bs10ij + B2V + Kij + Bssfij
Z],WLE],e i

L;; = Number of workers living in zone i & working in zone |
; = Probability that a worker living in zone i works in zone |

= Number of workers living in zone i
E]- = Number of job in zone j

Vi; = Impedance function for O-D pair i-j

6;; = 1 if i5j (intrazonal linkage); = 0 otherwise

yij = 1if PD; = PD; (i & j are in the same Planning District); = 0 otherwise
K;; = K-factor for O-D pair i-j; default=0

fij = Logsum term for O-D pair i-j

a,fs; = Parameters for spatial segment s

J |

Separate model for each occupation — employment status segment.

UNIVE RSITY OF TORONTO
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Model Specification (3)

* Logsum term:

fij — ]n(eﬂaivttawttij + eBTransit'*‘ Btptttptt;; 4 eBActive"‘ ﬁdistdiStij)

Where:

aivtt;; = The expected auto in-vehicle travel time between zone 1 to zone j
Brransit = A constant for the transit branch

Beptt = Weight for transit perceived travel time

tptt;; = The transit perceived travel time between zone 1 and zone j
Bactive = A constant for the active transportation branch

Baist = Weight for the distance

dist;; = The walking distance between zone 1 and zone j

KX UNIVERSITY OF TORONTO
 FACULTY or APPLIED SCIENCE &« ENGINEERING
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Place of Residence — Place of School
(PoR-PoS) Model

 Two versions:

° TOI‘OHtOZ Simply faCtOI' up base year Base year O-D trip matrices |—{ [nitial Road &iransit Assignments
distributions based on population >/ Road & Transit Los Data
growth. “ & Employmert. Y
Totals
 Montreal: Multinomial logit models . Chore pasanities | Lvatntes | | robabiites A
generate school location choice Population T
prObabilitieS. syntiem FOR EACH HOUSEHOLD:

« Every student is allocated a pesen, mens || At |, AuECn ‘
specific PoS, using Monte Carlo ol -
simulation, based on these T
prob ablhtles . Household Trips

: ¢ Airport Trips

 Separate categories for Road & Transit Assignments J——1
elementary, secondary & post- N Y;_s‘ Truck T

ed?

secondary students.
« Can add more categories if needed.

Kl UNIVERSITY OF TORONTO
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Assign Driver Licenses

 Binary logit model to determine

Base year O-D trip matrices |

Initial Road & Transit Assignments

v

driver licence possession for all

Zonal Population
& Employment
Totals

»{ Road & Transit LoS Data

Y

persons 16+ years old.
e Base alternative: No driver's license.

4
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#, FACULTY or APPLIED SCIENCE &« ENGINEERING

v Transportation Research Institute

v

Auto Access Station
Choice Probabilities

PoRPoW
Probabilities

PoRPoS
Probabilities

Population
Synthesis

x

v

FOR EACH HOUSEHOLD:

A

Person,
Household
& Job Lists

. =
Assign Work &
School Zones

N,

™
Assign Driver
Licences

o

v

Assign Cars to
Households

d
4

v

Household Trips

v

Road & Transit Assighments

v

No Converg Yes
- e

Airport Trips

—

Truck Trips




Assign Cars to Households

Base year O-D trip matrices || Initial Road & Transit Assignments

= Car ownership categories: !

»| Road & Transit LoS Data
Zonal Population
O b 17 2 b 3 + & Employment *

Totals

Auto Access Station PoRPoW PoRPoS

| Base CategOI'y: O Vehicles * Choice Probabilities Probabilities Probabilities

Population

Synthesis *
= Modelled at household .

level. Ejbf'd sooizones [P liemees {i‘}i
= Two versions: s [ <

= Toronto: Ordered logit. P

= Montreal: MNL. Roadmnsit}signmem L

No Converg Yes
~@e
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History, memory, learning,
/ adaptation

Interacm
other‘agents l

a Complex tours ' 1

Context / environment | activity
patterns | I

Activity episode generation.

Activity scheduling.

Non-work-school (NWS) location choice.
Tour-based mode choice.

xRN
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Projects in TASHA

Person-Level
Projects

|
| | | |
Work School Shopping Other
Project Project Project Project
Household-Level
Projects
I
I |
Joint Shopping Joint Other Serve Dependent
Project Project Project

The current project structure in TASHA 1s quite crude: it reflects that
available data used to build the model (an ordinary one-day
household travel survey).

EEm UNIVERSITY OF TORONTO
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Household-Based

Episode Spatial
Households Distributions Representation

\/

Persons Zones Distance Travel Time
Matrix Matrices
Project Project . R T -
e e Persons exist within households. This
v v - allows TASHA to deal explicitly with:
Person Household . .
Project Project > VCthle aHOcatlon
Schedule

Agenda Agenda  Ridesharing
M v
Individual &
Joint Activity {ll _ T2V
Episodes >

* Joint activities/trips
é UNIVERSITY OF TORONTO

Episodes

v M
individual [ | a o
Activity » Serve-dependent activities/trips
) Episodes
FACULTY or APPLIED SCIENCE &« ENGINEERING
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\4

At-home .

Work

Work

Travel episodes are inserted as part of
the scheduling process.

Other
Shop 1 Shop 2

. Shop 1 . Other - Shop 2 - At-home
|



Drive Option for Chain c

ml = drive

Sub-Chain s:

3. Lunch-Meet

Drive for
Sub-chain s

m2 = drive
m3 = drive
m4 = drive

m5 = drive

2. Work-Lunch

4. Meeting-Work

ing

Non-drive for
Sub-chain s

Chain c:
1. Home-Work
2. Work-Lunch
3. Lunch-Meeting
4. Meeting-Work
5. Work-Home

mN = mode chosen for trip N

Non-drive option for Chain ¢

TASHA'’s tour-based mode choice model:

» Handles arbitrarily complex tours and sub-tours.
without needing to pre-specify the tours

* Dynamically determine feasible combinations
of modes available to use on tours. Modes can
be added without changing the model structure.

« Cars automatically are used on all trips of a
drive tour.



Constructing Trip Chains (Tours)

» Trips are generated to travel to/from
activity episode locations (including

the home location at the beginning of
the day).

* A home activity is added if the trip-
maker is able to travel to home and
stay before going to the next activity.

* I.e., home is the “default location”
if there is not an out-of-home
activity to engage in at any given
point of time.

 Trips are grouped from home-to-
home sequences into trip chains
(tours).

« Non-home-based sub-chains may
exist.

Kl UNIVERSITY OF TORONTO
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For every household h:

Generate household h activity episades

v

For each person p in household h:

Generate person p individual episodes
(including locations for NWS episodes)

Schedule person p’s individual & household
episodes & trips

*4\
Tour-based mode choice for person p \
v
Assign househ(ild cars to drivers

Assign drivers & passengers to intra-household
rideshare trips




Household Based (1): Joint Activities

Person 1 Person 2

Joint Shopping
Activity:

Duration: 2 hrs
Location: The Mall

Search for feasible
joint time slot



Household Based (2): Vehicle Allocation

3 Conflicting With-Car Chains

Person 1
Person 2
Person 3
3 Possible Vehicle Allocations
Person 1 Person 2 Person 3
Alllpsziem | @ @ Choose allocation

' with highest total
Allocation 2 @ @ household utility
Allocation 3 @ @

-

IR UNIVERSITY OF TORONTO
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TASHA assigns household
vehicles to drivers based
on overall household
utility derived from the
vehicle usage. Drivers not
allocated a car must take
their second-best mode of
travel.




Household Based (3): Ridesharing

Joint Trip

Home i
--------- ~ Joint Home Tt )
N oin N
SSee .. X k
> Activity A\‘ % Wor
\,
\ ‘Drive
8 \
Serve \V Serve
Passenger Trip Joint " i ransit sy Mg
Home Trip S Joint 5
_________ 1 .. AN Passenger’s
-~ P 5 Activity | A s > .5
e < a:is?pgfr S Passenger Activity
Passenger ALY
Serve Drive Drive
Passenger Trip
Driver’s
- Passenger’s Activity
Joint Passenger > Activity

S~

Activity 1

Serve Passenger Trip

| Activity 2

Within-household ridesharing is explicitly handled within TASHA.
Drivers will “offer” rides to household members 1f a net gain in
household utility 1s obtained and feasibility criteria are met.

h UNIVERSITY OF TORONTO
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Time Periods

= Although TASHA generates episode (and hence trip)
start times on a second-by-second basis over the
entire 24-hour weekday period being modelled, for
network assignment purposes, these trips need to be
aggregated into O-D trip matrices by time period.

= 5 time periods are used.

= Note that the day being modelled starts at 6:00am
and “wraps around) until 5:59am the next morning.

TimoPeriod _|start  [End
AM 6:00 AM 9:00 AM

Mid Day 9:00 AM 3:00 PM

PM 3:00 PM 7:00 PM

FACULT\ APPLIED SCIENCE & ENGINEERING

rch Institute Overnlght OOO AM 600 AM

%
% UNIVERSITY OF TORONTO Evening 7:00 PM 0:00 AM
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Activity Episode Generation

Each project generates desired

activity episodes For every household h:

Generate household h activity episades

v
Episode Attributes: For each person p in household h:
o Purpose (WOI'k, etc.) ~Generate person p individual episodeB
. (including locations for NWS episodes)
« Start-time ——
° Duration Schedule person p’s individual & household
) episodes & trips
* Location
Tour-based mode choice for person p

v

Assign household cars to drivers

Currently: randomly

generated from observed v
epiSOde generation Assign drivers & passengers to intra-household
distribution rates. rideshare trips

_‘jpu UNIVERSITY OF TORONTO
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Activity Scheduler

» The scheduler takes activity episodes
from each of the project agendas and

® b
as}sllgélslthem to the person’s 24-hour For every household h
schedule. Generate household h activity episades
» Rule-based assignment procedure. v
» Episodes are scheduled in terms of FeIF GELD [PETEE [ N WevsEels) it
assumed priority: Generate person p individual episodes
1. Work (if a worker). (including locations forINWS episodes)
School (if a student). Schedule person p’s individual & househD
3. Household “other”. isodes & trips .
. Household market. i
4 u ) . . Tour-based mode choice for person p
5. Individual “other”.
6. Individual market. v
« NWS episodes are assigned locations as Assign househald cars to drivers
they are scheduled. Assign drivers & passengers to intra-household
« Episode start times and durations can rideshare trips

be adjusted marginally to resolve
scheduling conflicts.

Kl UNIVERSITY OF TORONTO
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NWS Activity Location Choice

e Usual work & school locations are

' ‘ : F household h:
determined prior to executing or every househo

TASHA. Generate housefiold h activity episades
* For all other aCtiVity types, the For each person p in household h:
episode location is determined c — .
, o R enerate person p individual episodes
durlng the activity scheduhng (including locations for NWS episodes)
Process. —

<mule person p’s individual & housem

» This includes locations for: _episodes & trips - M
« Market (shopping) episodes.

 Work locations for workers without a

—

Tour-based mode choice for person p

usual place of work. v
. “Work-business” episodes (e.g., an Assign househ(ild cars to drivers
out-of-office business meetlng)‘ Assign drivers & passengers to intra-household

 Other episodes. rideshare trips

g UNIVERSITY OF TORONTO
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Time Prism Location Choice

» Time-space prisms are
used to restrict the
feasible choice set for
each episode location
choice.

N Provides for a more
= feasible schedule as
the destination
choice-set is
restricted by how far
(5 ) o the person is able to
travel by auto in the
allotted schedule.

Kl UNIVERSITY OF TORONTO
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NWS Location Choice Model Specification

Vijk = Accessibilityijr + Bpopulation * ln(Popj) -+ Z Boccemp * occempRatiooccempU x In(1 + empj)

NnNereTNM

( (eﬁm‘u“*AIVTT,‘ji*,@wst*ACOST,‘j \ \

ln + e BTmnsitszstant + ﬁii"ransitBoarding* TPTTU E }',Bcost * TFAREI]

\+eﬁAcﬁueCmstcnt+5Act'iveDistance*DiStanceij )
iy eq +-
ACCGSS’Lb?,th‘yijk — IBTv‘avelLogsumScale »
( ¢ Buivet* ATVT Tt Beose* ACOST: \

_I_ e :BTrmzsitCo'nstunt + .6T1 ansitBoarding *TP‘TTjk “}'/Bcost * TFAREJI:
In

_|. e B ActiveConstant B ActiveDistance * Distance gk

L\ ) )

a%’%
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Tour-based Mode Choice (TBMC)

« Tour-based probit model For every household h:
e Household level constraints Generate household h activity episodes
v
° Intra—household For each person p in household h:
passenger/rldesharmg eXphCItly Generate person p individual episodes
modelled, (including locations for*NWS episodes)
* Multiple person CategOI‘ieS: Schedule person p’s individual & household
episodes & trips
* Student —
« Employed, by occupation: Tour-based mode choice for person p \
* Professional T
* General Assign household cars to drivers
« Sales/Service 4
« Manufacturing Assign drivers & passengers to intra-household

ideshare tri
» Unemployed non-student rideshare trips

Kl UNIVERSITY OF TORONTO
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Probit Mode Choice Model

» The TASHA tour-based mode choice model is

a multinomial probit random utility choice
model.

* The tour utility = the sum of the trip utilities:

i T T T
Ui = Z Uimtlior = Z Vimeoe T Z Eim(tlk)t
t=1 t=1 t=1

4
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Travel Modes (Current Toronto Model)

= Auto Drive

= Walk-Access-Transit (WAT)

= Drive-Access-Transit (DAT)

= Passenger-Access-Transit (PAT)

= Passenger-Egress-Transit (PET)

=  Vehicle-For-Hire (VFH):
— Private Transport Company (PTC)
— Taxi

= Inter-household Carpool

= Household Passenger

= Rideshare (Intra-Household joint travel)

= School bus

= Bicycle

= Walk

NOTE: Given the modular
structure of XMF and the probit
formulation, additional modes an
be readily added to the model
system, providing that the modal
LOS can be computed

n UNIVERSITY OF TORONTO
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Travel Modes (Current Toronto Model)

@ > |
= Walk-Access-Transit (WAT)

= Drive-Access-Transit (DAT) °
= Passenger-Access-Transit (PAT) .
= Passenger-Egress-Transit (PET)
=  Vehicle-For-Hire (VFH):
— Private Transport Company (PTC)
— Taxi

A car must be available to use
(see below).

Must have a driver’s license.

Cars must return home at the
end of a trip chain.

» Value of time based on each

person’s category.

= Inter-household Carpool
= Household Passenger

= Rideshare (Intra-Household joint travel)
= School bus

= Bicycle

= Walk

n UNIVERSITY OF TORONTO
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Travel Modes (Current Toronto Model)

= Auto Drive
=Access-Transit (WA
rive-Access-Transit (DAT)
assenger-Access-Transit (PAT)
er-Egress-Transit
= Vehicle-For-Hire (VFH):
— Private Transport Company (PTC)
— Taxi
= Inter-household Carpool
= Household Passenger
= Rideshare (Intra-Household joint travel)
= School bus
= Bicycle
= Walk

» Transit modes: See below.

n UNIVERSITY OF TORONTO
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Travel Modes (Current Toronto Model)

g Wa|!—l ccess-Transit (WAT)

= Drive-Access-Transit (DAT)

= Passenger-Access-Transit (PAT)
Passenger-Egress-Transit (PET)
icle-For-Hire (VFH):
— Private Transport Company (PTC)
— Taxi

Inter-household Carpool

Household Passenger

»Car passenger modes.

2 are (Intra-Household j avel)
= School bus

= Bicycle

= Walk

KR UNIVERSITY OF TORONTO
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Auto Passenger Modes (1):
Intra-Household

Intra-household passenger
 Intra-household facilitated trips
* Broken into 3 legs

* Driver to passenger

» To Passenger’s Destination

* To Driver’s Destination

« Household utility must be improved in order to be selected
* l.e., the “utility gain” of the passenger outweighs the “utility loss” of the driver

* Not available if the potential passenger already has a vehicle
« Value of time based on the driver’s person category
Intra-Household Rideshare

 Intra-Household joint trip

 Assigned if the tour’s representative picks Auto

3 UNTVERSITY OF TORONTO
v/
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Auto Passenger Modes (2):
Driver Not within Household

Carpool

 Inter-household passenger

* Not taxi or PTC.

 Value of time based on each person’s demographic category

 Carpool passengers are not assigned to drivers/vehicles (e.g., “HOV”
is not explicitly modelled).

Vehicle for Hire (VfH)

« Two VIH modes are currently modelled.
 Private Transportation Company (PTC) — aka TNC.
 Taxi.

Kl UNIVERSITY OF TORONTO

+#®, FACULTY or APPLIED SCIENCE « ENGINEERING

Transportation Research Institute




Travel Modes (Current Toronto Model)

Auto Drive

Walk-Access-Transit (WAT)

= Drive-Access-Transit (DAT)

= Passenger-Access-Transit (PAT)

= Passenger-Egress-Transit (PET)

=  Vehicle-For-Hire (VFH):
— Private Transport Company (PTC)
— Taxi

Inter-household Carpool

= Household Passenger

Rideshare (Intra-Household joint travel)

School bus

Bicycle .
Walk Active transport modes.

n UNIVERSITY OF TORONTO
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Active Modes

Bicycle:
A bicycle must leave from and return to home at the end of the trip-chain
« Uses network-based distances for intra-zonal travel

2VArea

« Uses to approximate the distance for intra-zonal travel

* Bicycles are not assigned to the network.

« O-D network distances used to compute average bicycle travel times.
Walk:

» On-network O-D distances for inter-zonal trips
 Intra-zonal trips use:

2\ Area
6

to approximate the distance

Kl UNIVERSITY OF TORONTO
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Summary of Current Modes by Type

Auto
(drive)

4

EEm UNIVERSITY OF TORONTO

Public Transit
« WAT
« DAT

. PAT/PET

Transportation Research Institute

“Auto-Based
Passenger”
Intra-household:

» Passenger
« Rideshare

Inter/non-household:

« Carpool
« PTC
« Taxi

Active Modes
* Bicycle
« Walk-all-way

#, FACULTY or APPLIED SCIENCE &« ENGINEERING




Mode Choice Algorithm

Compute all feasible tours
Compute tour-level utilities

Get highest utility tours for both
with auto and without-auto

Complete discrete station choices

Resolve the household to assign
vehicles to tours and optimize
household utility

Find and apply passenger trips given
from drivers currently on the road

Find and apply passenger trips given
from drivers currently at home

4
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For every household h:

Generate household h activity episades

v

For each person p in household h:

Generate person p individual episodes
(including locations for NWS episodes)

Schedule person p’s individual & household
episodes & trips

v

Tour-based mode choice for person p
Assign household cars to drivers

\ v

Assign drivers & passengers to intra-household

rideshare trips




Network Models

Initial Road & Transit Assignments

v

»{ Road & Transit LoS Data

Base year O-D trip matrices |

°
1. Road Assignment. [z :
. ° & Employment
Totals
Auto Access Station PoRPoW PoRPoS
T ® * Choice Probabilities Probabilities Probabilities
2 ) ranSIt Population
x

Synthesis

FOR EACH HOUSEHOLD:

A .
S S lg n m e nt ° Assign Work & Assign Driver Assign Cars to
Person, > Licences > Households

3. Transit Access o] «
Station Choice. s .

_
Road & Transit Assignments T

No Converg Yes
—>

Truck Trips

Kl UNIVERSITY OF TORONTO
 FACULTY or APPLIED SCIENCE &« ENGINEERING
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Network Assignment Modelling

= We often focus on mode choice as the critical policy
component in travel demand models.

= But road & transit assignment models are also
critical to effective, credible policy analysis.

— Majority of run time is taken up by the assignment
models.

— “Point of entry” for most policies.
— Public/politicians relate to networks.

— Mode choice depends critically on quality of the
assignment model outputs.

= We have spent much more time fine-tuning our
networks and our assignment models than any other
part of the model system.

4
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Network Modelling Platforms

Our design approach has been to develop TASHA to
interface with “any” network modelling acka%e,
rather than reinvent this well-developed wheel.

The “default” package in Emme.

Also have interfaces with:

— Vissum (Halifax & Monterrey, Mexico
implementations).

— Aimsun.
— MATSim.

“Network Toolbox” developed to handle the
interface between TASHA & each of the network
modeling platforms.

Will focus on the Emme implementation here.




Road Assignment

= Multi-class assignment.

— Passenger cars.
— Trucks (light & heavy).

= On-street buses contribute to congestion.

= Second-Order Linear Approximation (SOLA)
algorithm used to speed up equilibration process.

= Tangent Volume Delay Functions (VDFs).
= Montreal: Space-Time Traffic Assignment (STTA).
= Assignments calibrated vs. screenline data.

4
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Tangent Volume-Delay Function (VDF)

» GTAModel does not use the conventional BPR VDF.
» Instead it uses a modification of the BPR:
— The same as BPR for v<c.

— Linear delay for v>c = tangent of the BPR function @
V=C.

= Advantages of the tangent function:

— Converges much more quickly than BPR for congested
networks.

— Arguably a better representation of oversaturated
delay than BPR.

4
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Comparison of BPR & Tangent Link
Volumes (Toronto case)

Predicted Link Volumes
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The two functions generate virtually the same
link volumes.
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Comparison of BPR & Tangent Functions
(Toronto case: 400 series highways)

Trip Time of Selected Routes in 1996
Field Data EMVE/2 Tangential VDF EMVE/2 BPR VDF
Time (hh:mmss) Time (hh:nmnss) % Difference (vs Field Data) Time (hh:mmss) % Difference (vs Field Data)
Route 1 00:53:54 00:48:12 -10.58% 00:49:26 -8.2%%
Route 2 00:58:12 00:58:47 1.00% 01:03:52 9.74%
Route 3 00:54:58 00:46:47 -14.8%% 00:47:44 -13.16%
Route 4 00:16:48 00:15:43 6.45% 00:15:56 -5.16%
Route 5 01:04:35 00:52:10 -19.23% 00:50:19 -22.09%
Route 6 00:33:12 00:3243 -1.46% 00:3239 -1.66%
Route 7 00:38:28 00:31:55 -17.03% 00:31:43 -17.55%
Route 8 00:28:14 00:28:13 -0.06% 00:23:10 3.31%
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Speed-Time Traffic Assignment (STTA)

* In the Montreal implementation the Emme
STTA procedure to generate “quasi-dynamic”
traffic assignment.

= Static equilibrium assignments are run for
each hour of the day.

— Trips that are not completed during a given
hour remain loaded on the network to
complete the trips in the next hour, thereby
contributing to congestion in the second hour.

4
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Transit Assignment

= Theory.
= Transit mode definitions.
* Implementation.
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The Joint Mode-Route Choice Problem

» The joint transit mode-route choice problem in
the abstract can always be represented as an
“O-D” path choice through a hyper-network.

= In practice, we usually a priori split the
problem into a two-stage model system:

( Mode Choice
Route Choice
i
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Issues with the two-stage approach:

= Requires a priori specification of the mode
choice model decision (error) structure:
“hard wires” modes that can be modelled.

= Separate LOS “skims” are required for each
“mode”.

= Predicted O-D trips for each “mode” must be
correctly assigned to the transit network.

4
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Adopted Approach

= “Push” all transit “sub-mode” choices “down”
into route choice:
— Choices between commuter rail, subway, LRT,
bus, etc. 1s treated as a path choice within the

assignment model, rather than as choices among
competing modes.

= Probably one of the biggest innovations in
GTAModel is the adoption of this “integrated”,
“technology neutral” representation of the
transit network.
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Integrated Transit Hyper-network
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Integrated Transit Network, cont’d

= Advantages of the integrated approach:
— Much simplified mode choice model.

— New modes/services can be readily introduced.

— Forces the modeller to capture as many factors as
possible in systematic components of the utility
function.

= Disadvantage: does it adequately deal with
qualitative elements?

= Experience to date: So far so good (we think!).

4
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Integrated Transit Network

= This results in an “integrated”, “technology
neutral” representation of the transit network.

= Transit “sub-modes” (commuter rail, subway,
LRT, buses, etc.) are all treated as alternative
paths through the network, NOT as separate
modes.

= Transit “modes” in the mode choice model are
only based on access-egress sub-modes used.

4
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Transit Modes in GTAModel

= Walk-access transit (WAT): Walk is the access & egress mode for the
transit trip.

— People can “walk on the road network” to get to/from transit.

= Drive-access transit (DAT): The transit rider drives to a park & ride
station. The rider must return to this station to egress from the transit
system.

— Person must have a driver’s licence & an auto available.

= Passenger-access transit (PAT): The transit rider gets a ride to the
transit station (kiss & ride, access).

= Passenger-egress transit (PET): The transit rider gets a ride from the
transit station (kiss & ride, egress).

— No linkage between PAT & PET (i.e., trip-based modes, not tour-based).
— Currently not attached to an explicit driver.
= Currently VIH bicycle, etc. are not available as access/egress modes.
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Access Station Models

Base year O-D trip matrices |—p{ [nitial Road & Transit Assignments

* Drive Access Transit (DAT) 1
o » Road ransit LoS Data
° Tour_based loglt Zonal Population road il JL o
. . . & Employment —_—-/Jdf’Bl
 Attractiveness varies as available Totals A Auto Access station ‘> E— p—
. * N Choice Probabilities Probabilities Probabilities
parking changes — ~
opulation
» Passenger Access Transit (PAT) sy”ties's —
* Trip-based logit model persn, AssgnWork8 | | AssignOrver | | A0 (a0 “
 Passenger Egress Transit (PET) fiobliss = -
* Trip-makers are not constrained T
to use the same station for access Household Trips
& egress; nor are they v Arpor Trips
. Road & Transit Assignments &——
constrained to use PAT & PET on 7 E—

the same tour. - < 5e

* Trip-based logit model
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Tour-Based Access Station Choice Model

= Drive Access/Egress Transit (DAT/DET) require:
— Choice of the access/egress station.

— Ensuring that the access & egress station of a given tour
(e.g., Home-Work-Home) are the same.

= A novel tour-based access station choice model is
implemented.

= Access/egress station choice probabilities are precomputed
prior to running TASHA to reduce computational burden.

= Station parking lot capacities are treated as a “soft
constraints” with a conical “penalty function” used to
decrease the probability of a station being chosen when it is
approaching/exceeding capacity.

Kl UNIVERSITY OF TORONTO

ll FACULTY or APPLIED SCIENCE &« ENGINEERING

Transportation Research Institute




Example station & tour insertion location choices

g Auto-drive
— Rail
==y Other mode

Station

mp Auto-drive
) R il
=y Other mode

Activity
1

Activity
2

Activity

mp Auto-drive Activity
- Rail Activity 2
==y Other mode L

&
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Model Specification

= Given the very large number of alternatives &
number of tours to be evaluated, I/, does not
include socio-economic attributes & is pre-
computed prior to mode choice calculations.

Va

= Patimelatime]

+ ,Bcost[acostA + ParkingCost, + tfareA]
+ BepeelperceivedTransitTime,]

+ :BCapacity [log(CapaCitYA + 1)]

+ ,BClosestStation[CloseStStatiOnA]
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Parameter Estimation Results

4

E stimated Parameters
Variable DAT PAT PET
Auto TravelTime (min) -0.3344 -0.3063 -0.3504
Perceived Transit Time (min) -0.0216 -0.2679 -0.2315
T ransit fare ($) -0.0357 -0.0210 -0.0246
P arking cost ($) -0.0357 -0.0210 -0.0246
Auto Travel Cost ($) -0.0357 -0.0210 -0.0246
P arking Capacity (no. of spaces)
AM Period 2.1458 0.5504 0.0940
MD Period 1.7701 1.0257 1.2466
PM Period 1.8802 0.5995 0.4640
EV Period 2.5419 0.6653 0.6190
Closest Statiion (=1 if Yes)
AM Period 2.0862 0.9449 0.0016
MD Period 0.0076 0.6021 0.5092
PM Period 0.0002 0.0076 0.0090
EV Period 1.5184 0.4630 0.7693

DAT: Drive Access Transit (deterines egress station as well)

PAT: Passenger Access Transit
PET: Passenger Egress Transit

Kl UNIVERSITY OF TORONTO

-9-" FACULTY or APPLIED SCIENCE &« ENGINEERING

Transportation Research Institute




Transit Assignment Extensions

= The Emme transit assignment procedure has
been extended to include:

— Surface Transit Speed Updating (STSU).
— Onboard crowding (“congestion) effects.
— Fare-based assignment.

= Montreal: integration with the road
assignment STTA procedure.

4
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Transit Assignment with Surface Transit
Speed Updating (STSU)

« STSU accounts for roadway congestion effects on surface
transit speeds in shared-right-of-way(SROW) operations.

« STSU adjusts the bus speeds on SROW segments

» Exclusive-right-of-way (EROW) are modelled with fixed
stop-to-stop speeds.

e Transit lines can be a combination of EROW & SROW.

4
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Transit Vehicle Crowding/Congestion

= The transit Travel Time Functions (TTF) model adjusts the
“perceived” transit in-vehicle travel times to reflect
crowding/overloading of transit vehicles.

= This is directly equivalent to the volume-delay functions
routinely used in road assignments.

= Our experience in Toronto is that is very important in
capturing route choice behaviour.

— In particular, the impacts on both route and mode choice
as new capacity is added to the transit network.

« Provides “relief” to over-crowded lines (notably, in Toronto, the
Yonge subway line).

» Provides flexibility in the model system for capacity increases to
“induce” new transit ridership (really, transit mode choice
increases) that might not be otherwise captured if capacity
constraints are not modelled.

%_i-.
KX UNIVERSITY OF TORONTO

1sportation Research Institute

S
) " FACULTY or APPLIED SCIENCE &« ENGINEERING
Transg




MOdelling “On—Board” ”_ ey =2+ a(l— 22+ F —all —2) -3

where 7 is given as

Congestion/Crowding . st

Zer — 2

atwd ov is any number larger than 1.

= To account for trapsit
vehicle/line capacity -

constraints &

associated crowding =~

effects, the Emme

“congested transit e
assignment” procedure T RS s A
is used. o

= The conical volume-
delay function is used. -

= Calibrating this o il o x
function is ;
challenging!




Fare-Based Transit Assignment

= The hyper-network coding allows us to code initial
and transfer fares into the network and accumulate
fares along the O-D paths.

= Fares are converted into IVTT time equivalents and
path choice is based on the “generalized cost” or
“disutility” of competing path times + costs.

= Can handle:
— Flat fares.
— Distance-based fares.
— Zone-based fares.
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Transit Assignment Model Estimation
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Transit Assignment & ABM

= While we are fairly proud of what we have accomplished with our
current Emme-based transit assignment model, it is clear that we
have reached the limit of what can be done within an aggregate, static
framework.

= We very much need an operational ABM transit assignment model!

= We need to “retain the agent” throughout the path choice / network
simulation process.

= This will greatly simplify and improve our current processes in many
ways:
— Fare-based assignment

— Utility path choice that is consistent with mode choice & includes a
wider range of variables

— Ability to “feed up” sub-mode attributes into the mode choice model.

= We need to move to schedule-based assignment to proierly
handle wait & transfer time calculations in complex networks.
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ANCILLARY MODELS

1. Airport access.
2. Trucks.
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“Special Generator” Trip-Based Models

° TWO non—househOId—based, Base year O-D trip matrices |—| Initial Road &iransit Assignments
b 14 b 2 .
trip-based “special generator p—— e
Employmen
models are currently ot
Auto Access Station PoRPoW PoRPoS
implemented o * Choice Probabilities Probabilities Probabilities
° o Population
* Air passenger trips to/from Synthesis —
Pearson Airport (TrUdeau ¢ Assign Work & Assign Driver Assign Cars to
. . Person, School Zones > Licences i Households
Airport in Montreal). Household
 Truck freight model. REE

v

Household Trips

v

Road & Transit Assignments T

v

No Converg Yes
- e

Airport Trips

Truck Trips

A
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Airport Passenger Model

Base year O-D trip matrices |—p{ [nitial Road & Transit Assignments

» Generates both auto and transit air 1
passenger trips to/from Pearson S o— > R°ad&“a"j: Los Data
International Airport R
Auto Access Station PoRPoW PoRPoS
° Splits demand by time period by * Choice Probabilities Probabilities Probabilities
GTHA residents and visitors. o I
FOR EACH HOUSEHOLD:
« Has origin/destination location and v A p—— PE———
. SRR School Zones g Licences > Households
mode choice models. Housshod
e Fare sensitive. REE
e Results are added back to the Househt.d —
network demand matrices ] @
o . oa ransit Assignments ®——
 Based on Pearson Airport groundside ettt T _—
ruc rips

survey data. - < 5e
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Model Specification (1)

 GTHA residents: Nested logit (NL) model

« Upper-level location choice - for trips generated from traffic analysis
zones (TAZs) to airport

 Probability of making a trip from zone i to the airport
__ exp(BX; + pl)
Zi'lC exp(ﬁXi, + :UIL'/)

 Inclusive value (log-sum) for origin zone i

P;

I; = log(Zm,” exp(a Zm,/u)) (0 < u <1, pisthe scale parameter)

* Lower-level 2 mode choice model

 Probability of a trip from zone i using mode m to the airport
exp(a Zp, /1)

%yt €XP(@ Zyns /1)

Pm|i=
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Model Specification (2)

« GTHA visitors: two Multinominal Logit (MNL) models given that the
nested logit structure did not generate a sensible nesting (scale)
parameter

* Location choice MNL -> for trips generated from TAZs to airport
 Probability of a trip from zone i to the airport
exp(BX;)

= S exp(BX:)

* Mode choice MNL =

 Probability of using mode m for a trip to the airport
exp(aZy,)

Zm,” exp(aZ,y,,)

Pmli=

4
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Truck Model

Initial Road & Transit Assignments

« Two-stage truck model: !

Base year O-D trip matrices |

b hd Zonal Population *
* Generation (regression & Employmen
Totals
Auto Access Station PoRPoW PoRPoS
mOdel) . * Choice Probabilities Probabilities Probabilities

Population *

* Distribution (doubly- Siiness _ ‘

Assign Cars to

ConStrained graVity mo del) ° ¢ Assign Work & N Assign Driver L 5
Households

Person X
! School Zones Licences
Household

* Light, medium & heavy —
trucks. T

 Employment by 15 industry !

categories generates trips. ;
No Xis‘

4
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THE IMPLEMENTED
MODEL SYSTEM

eXtensible Travel Modelling Framework (XTMF)
Running the Model System

Outputs

Model System Run Example Results

B ®

Kl UNIVERSITY OF TORONTO

‘%, FACULTY of APPLIED SCIENCE « ENGINEERING

Transportation Research Institute




Model System Outputs

 Assigned Networks
» Auto and Transit Network Package’s v

»{ Road & Transit LoS Data

Base year O-D trip matrices |—p{ [nitial Road & Transit Assignments

(NWP’s) with all assignment results Zonal Population 1
. . & Employment
Aggregate O-D trlp matrlces (by fotals Auto Access Station PoRPoW PoRPoS
. * Choice Probabilities Probabilities Probabilities
mode, purpose, time of day)
Population
Level of Service (LoS) matrices inthests ————
(travel times, costs, etc. by mode). P" pssgnwoncs | [ pssnomer | [ Asisncarsto “
. . . ouser;old School Zones Licences Households
« Microsimulation results. AT
Disaggregate lists of: .
» Households v
Household Trips
* Persons ] . -
. Airport Trips
i TI‘lpS Road & Transit Assignments 1&——
o Trlp mOdeS ¢ Truck Trips

No Converg Yes
- e

» Trip stations
« Facilitate passenger trips
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SmartTrack Headwa 2031 TTC Fare Scenario | 2031 GO Fare Scenario
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Model System Outputs

The model system generates all forecast year travel

estimates that are expected of such a system:

— Origin-to-destination (O-D) trips by mode,
purpose & time of day.

O-D travel times & costs by mode & time of day.

Roadway volumes, travel times and congestion
levels for every road link in the region.

Transit ridership, boardings, alightings, travel
times and crowding levels for every transit line
segment for every transit line in the region.

A tull set of trips & tours, travel times
experienced, etc. by each person in the region:

- Benefits and costs experienced by different
types of persons can be identifie

Accessibilities to work, school, shopping, etc.
Pollution & GHG emissions.

Transit system revenues.

Toll revenues.

Transit line catchment areas (who uses what
lines).




Microsimulation Results (1): Households

Household ID
Home Zone

Expansion Factor
Number of Persons

Dwelling Type
Number of Vehicles
Income Class
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Microsimulation Results (2): Persons

« Household ID
 Person ID

« Age

* Sex

* License

» Transit Pass
* Not implemented in V4.2

« Employment Status
» Occupation
» Free parking at work
* Not implemented in V4.2
» Student Status
* Work Zone
* School Zone
» Weight (expansion factor)
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Microsimulation Results (3): Trips

« Household ID

* Person ID

* Trip ID

 Origin Activity

 Origin Zone

« Destination Activity

* Destination Zone

« Weight (expansion factor)

4
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Microsimulation Results (4): Trip Modes

* Household ID

 Person ID

 Trip ID

* Mode

» Departure time*

e Arrival Time*

* Weight (number of times chosen)

* Times are in minutes from midnight
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Microsimulation Results (5): Trip Stations

Household ID
Person 1D
Trip ID
Station ID

To / From Transit
* auto2transit

 transit2auto

Weight (number of times chosen)

Mode
. PAT/PET/DAT
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Microsimulation Results (6): Facilitate
Passenger

* Household ID

« Passenger Person ID
« Passenger Trip ID

* Driver Person ID
 Driver Trip ID

« -1 if the driver facilitated the trip by going from home and returning back

* Weight (number of times chosen)

4
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GTAModel V4.0: Validation Results
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Trip Generation Validation

= Validating the Model’s ability to generate the correct number and correct type of trips
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Trip Length Validation

= Validating the Model’s ability to generate the correct length of trips

200,000

180,000

160,000 [

140,000 “

120,000

100,000
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Trip Length Validation

Validating the Model’s ability to generate the correct length of trips

250,000
200,000

150,000 ’

100,000 1

50,000

\\

0 — e 2

O «~ AN MO T IO O 00O O «~ AN M T IO O WO O T~ AN M T W O M~NOWWO O~ AN M T W O NN O O
T T T T T T T T T N AN AN AN N AN N AN AN N OO OOOOOOOOMm

40+

K@l UNIVERSITY OF TORONTO
) ' FACULTY or APPLIED SCIENCE &« ENGINEERING
v Transportation Research Institute




Trip Start Time Validation

= Validating the Model’s ability to generate the correct start time for different types of trips

Trips 700,000
| 4 |

7,171 23% Work Trips
| 5 15,562 12% mTTS mModel
| 6| 30,660 8%
600,000
-12,888 -2%
| 8 | 18,459 3%
9 -4,502 -2%
| 10 | -9,472 -9% 500,000
11| -3,588 -4%
[ 12 | -10,605 -13%
[ 13 | -10,829 -13% % 400,000
| 14 EERCR( -6% =
| 15 RN 2% I
|16 PR 9% © 300,000
5,958 16%
| 18 | 4,727 19%
| 19 | 4,552 33% ,
20 | 1,264 16% 00,000
21 -3,132 -32%
[ 22 | -11,434 -82%
| 23 | -5,476 -84% 100,000
| 24 | 1,317 -85%
— 41% | I
26 REYS 74% o | I T
3,985 144% 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
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Trip Start Time Validation

Validating the Model’s ability to generate the correct start time for different types of trips

m
Trips 500,000 _
4,014 1193% SChOOl TrIpS
“ 5,298 227% 450,000 mTTS mModel
6 | 13,039 56%
28,337 13% 400,000
B 2593 6%
[ 9 XN -12% 450000
| 10 | 806 2% !
11 -2,652 12%
B 10170 -45% , 300,000
[ 13 | -3,290 -28% 2
| 14 3,800 49% ~ 250,000
| 15 | 111 2% S
| 16 | 661 11% 200,000
-850 -10%
| 18 [ERCNIE -40% 150,000
19 | -307 7%
20 | -198 -26% 100,000
|21 | -107 -35% ’
| 22 | -134 -75%
| 23 | -19 -68% 50,000
24 | 2 N/A I I I
“ 3 N/A - - I ol mm s HE m- _
m 241 N/A 4567891011121311_'15161718192021222324252627
11,058 N/A our
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Trip Start Time Validation

= Validating the Model’s ability to generate the correct start time for different types of trips

7 r = 19 Market Trips
[ 5 T 53% 140,000 me e
[ 6 | 903 39%

629 9%

[ 8 | 922 4% 120,000

[ 9 ] -8,711 -13%

[ 10 | 693 0%

11 -12,901 -10% 100,000

12 | 6,849 7% "

[ 13 | 12,740 13% =3

B 5740 -6% 80,000

[ 15 | -2,044 2% S

[ 16 | -2,987 -3%

13,441 14% 60,000

[ 18 | 15,109 15%

19 | -1,821 2%

20 | 1,676 4% 40,000

21 | 4,673 39%

[ 22 2,991 65%

[ 23 | 1,383 87% 20,000

[ 24 | 854 157%

25 | 398 210% o oml II._
| 26 | 229 256% 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
77 98% Hour
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Trip Start Time Validation

= Validating the Model’s ability to generate the correct start time for different types of trips

Differt:znce in % Diff 250,000
Trips

2.440 92% Other Trips
5135 579 mTTS Model
4,109 18%

5,238 9% 200,000

2,014 2%

3,232 3%

-8,042 6%

14,436 -12%

-17.668 ~15% ,, 120,000

-10,937 11% §

1,418 1% -

12,696 -10% 5

105 0% 100,000
8,357 5%

-3,738 -2%

-11,504 7%

-1,409 -2%

839 2% 50,000
2,235 12%

1,056 12%

120 4%

186 14% | I | [

4 5

-199 -19% 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1,039 237% Hour
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Trip Assignment: Transit Boardings

= Validating the Model’s ability to assign trips to the correct transit modes

TTC AM PERIOD

TTC AM mTTS =mModel

>
S
S
Mode Difference % Diff N @
in Trips R
Subway 32,802 9% N ~ _
0] L 9 o =
p © R ©
Q 5 3 e~
Streetcar 12,271 22% Y ™ ® o
< ™
.
~ 8
Bus 51,752 16% © L2
Ld »
Yo} ((o]
\ ':“" ) 96,825 13% ]
sl SUBWAYS STREETCARS BUS FULL
NETWORK
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Trip Assignment: Transit Boardings
= Validating the Model’s ability to assign trips to the correct transit modes

TTC PM PERIOD

TTC PM mTTS =mModel

(o]
(V]
(V]
5 I
Mode Difference % Diff 2 2
in Trips ]
Subway 18,488 4% 8 o
o
Z 2 3 © 2
0 S 3 N o
Streetcar 14,073 18% oY < ¥ w 2
< <t
)
(a1 © o
Bus 47,714 11% N N
N o
\ i“" ) 80,275 8% ]
etwor SUBWAYS STREETCARS BUS FULL
NETWORK
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Trip Assignment: Transit Boardings

= Validating the Model’s ability to assign trips to the correct transit modes

GO AM PERIOD

“ T
(QV]
(q\]
< <t
= iy
Difference . © =
Mode . . % Diff ©
in Trips
GO Train 3,118 3.2% 8
Z
a)
GO Bus 9,239 89% gtf
@)
= 2
Full GO o o 0
Network 1222t [ & @
o
GO TRAIN GO BUS
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Trip Assignment: Transit Boardings

= Validating the Model’s ability to assign trips to the correct transit modes

Difference .
Mode . . % Diff
in Trips
GO Train 6,899 7%
GO Bus 8,790 63%
Full .
Network 15,689 14%
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Trip Assignment: Transit Boardings

= Validating the Model’s ability to assign trips to the correct transit modes

34,832
48,689

21,840

- 6,986
8,829
B 16,119

I 21,096
B 10,055

23,260
- 6,796

15,573

P 22,952

25,111
I 36,760

&
K@ UNIVERSITY OF TORONTO

‘9  FACULTY or APPLIED SCIENCE &« ENGINEERING

Transportation Research Institute




Trip Assignment: Transit Boardings

= Validating the Model’s ability to assign trips to the correct transit modes

49,361
67,840

28,919

12,152

I 27,428
B 10,522

32,966
B 3882

21,701

IR 30,131

33,811
I 51,447
BN 20,190

B 9,934
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Trip Assignment: Transfers

= Validating the Model’s ability to produce the correct distribution of transfers between
different transit modes

AM Transfer Matrix

. B D GB GT H W MS TICS  TTICM__ TTICB_ VIVA __ YRT
: 32411 7149 8224 3322 ]- 10551] 5048 2,856 5651  8409| 6,137] 20868 - 65 3,382
B 6231 4,720 i 1,023 | 1,076 i i 286 i i B4 - 12- 2
D 5,645 . 4,065 587 | 2,852 . . . . . 56 . .
GB 3366 407 - 119 677 567 139 431 429 6| 1570| 1,35 236 179
GT BRoee  sis 082 1,142 | 2,056 | 2138 - 44 1,249 204 | 17,156 | 4,388 - 8 - 2
H 4,79 i i 252 | 2,344 896 318 171 i i i i i
W 1,409 . . 245 | 1,584 323 - 1,401 . : . . . .
MS 5,526 386 : 842 | 1,984 233 : 2,034 86 139 682 : 18
TICS : : 20 67 : : 53 - 344| 5304 1,066 . .
TICM i i 135 749 : i 1,279 4571 |- 5179 8210 693 415
TICB 661 54 210 722 i i 760 - 751| 6,414 | 15456 50 306
VIVA 11 : 248 |- 119 . : . : 561 130 194 715
YRT 1,878 84 . 538 |- 213 . : 8 : 700 | 1,243 754 730

A
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Trip Assignment: Transfers

TTCS
TTCM
TTCB
VIVA
YRT

A

EEm UNIVERSITY OF TORONTO

¥4

Validating the Model’s ability to produce the correct distribution of transfers between

different transit modes

PM Transfer Matrix

: D GB GT H W MS TICS  TICM__TTICB_ VIVA __YRT
46,647 | 9,626 11,901 - 3 2ORIe 7,617 463 8317 7,003| 5582 [IN3A036)- 1,041 4,046
11,500 | 7,936 : 1,136 | 49 : : 331 i i 356 a1 46
13,781 . 7,093 6| 1,534 : : . . . 30 - -

1,832 | 95 585 1454| 1,531| 259 1,123 580 12]-  a7]- o 188 558

- 11684 | 2473 2872 1,085| 3571 2910 2333 2271 13| 949| 1001 - 10 77

8,126 i : 55| 2528 1472 359 79 : : : : :
2,911 . : 905 50| 414 - 599 : . . : : :
8104 | 322 : 726 | 1,883 147 : 3902 - 42| 1,187 127 : 35
10,042 : : 5| 568 : : 55 - 1,331 579 |- 1,045 : :
3,710 : : 523 | 19,164 : . - 266 9,062 |- 15272 51 1,129 450
5751| 565 - 7  1,758| 5472 : : 1,077 - 744 | 19431| 12876 369 1,179
180 1 : m9 |- 38 : : : . 570 |- 343 399 1,031
5,403 45 : 521 57 : : a5 : 203|- 85 1,144 1,307
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Trip Assignment: Transit Ridership

= Validating the Model’s ability to produce the correct ridership on the different operators

Operator Time Period | Model Ridership | TTS Ridership Difference % Difference
TTC Subway AM 293,163 273,329 -19,834 -7%
TTC Streetcar AM 66,250 55,066 -11,184 -20%
TTC Bus AM 274,088 225,551 -48,537 -22%
GO Train AM 98,313 91,427 -6,887 -8%
GO Bus AM 18,319 12,257 -6,062 -49%
TTC Subway PM 363,496 340,647 -22,849 -7%
TTC Streetcar PM 87,853 71,859 -15,994 -22%
TTC Bus PM 345,623 287,189 -58,434 -20%
GO Train PM 100,458 98,144 -2,314 -2%
GO Bus PM 20,800 13,155 -7,646 -58%

P
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Trip Assignment: Streetcar Screenlines - AM

= Validating the Model’s ability to produce the correct distribution of Streetcar trips on the
network

T1014 IN 6,071 11,261 13,338 7,267 2,077
T1014 | OUT 4,557 3,568 3,594 -963 26
T1035 IN 6,516 4,650 6,156 -360 1,506 )\\
71035 | OUT | 3,000 | 1,701 | 1,931 -1,069 230 2\
& . Lake Ontario
GB\LY 3 = City of Toronto
Q i s
/ Cordon Count Screenlines

\/w""@t

P
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Trip Assignment: GO Bus Screenlines - AM

= Validating the Model’s ability to produce the correct distribution of GO Bus trips on the
network

P
pue”

T1001 | IN | 639 | 2,452 | 3,305 2,666 853
T1001 | OUT | 1,120 | 511 | 1,083 -37 572
T1002 | IN | 944 | 4,987 | 5542 4,598 555
T1002 | OUT | 197 | 473 631 434 158
T1003 | IN | 630 | 804 | 2386 1,756 1582
T1003 | OUT | 152 | 319 500 348 181 —

City of Toronto

Cordon Count Screenlines

.‘;Igf

P
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Trip Assignment: TTC Bus Screenlines - AM

= Validating the Model’s ability to produce the correct distribution of TTC Bus trips on the
network

T1001 | IN 455 891 1,466 1,011 575

T1001 | OUT | 734 | 1,025 2,300 1,566 1,275

T1002 | IN | 2783 | 3,024 4,135 1,352 1,111

T1002 | OUT | 3454 | 2,341 3,724 270 1,383

T1014 | IN 766 180 299 -467 119

T1014 | OUT | 393 21 20 -373 1

T1058 | IN 808 365 413 -395 48

T1058 | OUT | 167 0 4 -163 4 —

T1035 | IN 380 12 38 -342 26

T1035 | OUT | 226 16 209 -17 193 City of Toronto

Cordon Count Screenlines

P
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Trip Assignment: AM Counts at GO Stations

= Validating the Model’s ability to produce the correct number of boardings and alightings
at various GO Station locations

Metrolinx Model Difference in| Metrolinx Model Difference in

Boardings | Boardings | Boardings | Alightings | Alightings | Alightings

Union (GO) 1314 1883 569 70843 69863 -980
Ajax 3624 4818 1194 116 467 351
Whitby 3966 4360 394 140 283 143
Bramalea 2349 3841 1492 78 729 651
Clarkson 3526 4522 996 238 1002 764
Streetsville 2756 3452 696 9 93 84
Mount Joy 1091 1553 462 2 91 89
Milton 1731 1793 62 0 0 0
Richmond Hill 2794 4084 1290 0 0 0

W
P A
P
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Trip Assignment: Transit Volumes

= To validate the Model’s ability to produce the correct transit volume in the AM period,
we have extracted a couple of key transit locations in the network

Key Location piCL AL O (LA IR L Difference % Difference
Hour Volume | Hour Volume

South of Bloor

0,
(SB) 27,527 27,105 1.6%
South of St.
George 23,223 20,994 2,229 10.6%
(SB)

Model: Total Observed:
Volume Total Volume

Key Location

Difference % Difference

Union Station

(Inbound from 45,884 42,314 3,570 8.4%
the West)

Union Station

(Inbound from 23,979 28,529 -4,550 -16%
the East)

"f*'
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Trip Assignment: Auto Screenlines — AM

= Validating the Model’s ability to produce the correct distribution of Auto trips on the

network
T1001| IN 40,759| 39,878 | 37,895 | -2,864 -1,983
T1001| OUT | 34,014| 32,085 | 29,923 | -4,091 -2,162
T1002| IN 60,257| 56,870 | 50,407 | -9,850 -6,464
T1002| OUT | 40,130| 33,910 | 28,785 | -11,345 -5,125
T1003| IN 16,228 18,560 | 16,400 172 -2,160
T1003 | OUT 6,075 5577 | 4,217 -1,858 -1,360
T1014| IN 17,323| 17,388 | 18,546 1,223 1,158 s
T1014 | OUT | 11,375 7,625 | 8,640 -2,735 1,015
T1058 | IN 7,879| 6,376 | 6,643 -1,236 267 _ Y
T1058 | OUT |  4,336| 2,427 | 4,111 -225 1,684 5 T _/.:;" Lake Ontario
T1035| IN 16,831| 16,175 | 16,053 778 1122 ?@L‘“}’ ‘°651°61 City of Toronto
T1035| OUT | 12,208 6,820 | 6,559 -5,649 -261 ‘\\\ Cordon Count Screenlines

Kl UNIVERSITY OF TORONTO
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Trip Assignment: Auto Screenlines — PM

= Validating the Model’s ability to produce the correct distribution of Auto trips on the

network
T1001| IN | 37,474 | 34,592 | 40,541 | -2,864 5948
T1001 | OUT | 45,987 | 45,019 | 47,662 | -4,091 2644
T1002| IN | 49,879 | 40,482 | 40,733 | -9,850 251
T1002 | OUT | 61,834 | 61,542 | 52,449 | -11,345 -9093
T1003| IN | 7,24 | 8025 | 8118 172 93
T1003 | OUT | 15,887 | 19,890 | 15,832 | -1,858 -4057
T1014| IN | 15627 | 11,442 | 13,268 | 1,223 1825
T1014| OUT | 15,984 | 20,204 | 19,608 | -2,735 -596
T1058| IN | 4,881 | 4,347 | 5551 | -1,236 1204 \ | e
T1058| OUT | 7,699 | 7,800 | 6,953 -225 -846 ,: Tk e 667/]  Lake Ontaro
T1035| IN | 13,687 | 9,669 | 10404 | -778 735 ?ea\"'f-»-m--(g 1°651°61 City of Toronto
T1035| OUT | 17,556 | 20,297 | 17,627 | -5,649 -2669 '\\ Cordon Count Screenlines
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Trip Assignment: Auto VKTs

= Validating the Model’s ability to produce the correct number of vehicle kilometers
travelled

Time Period Model VKTs TTS VKTs Difference % Difference

AM 28,156,990 32,391,048 - 4,234,058 -13%
MD 23,809,360 28,908,162 - 5,098,802 -18%
PM 36,109,580 43,018,177 - 6,908,597 -16%
EV 17,667,470 16,545,937 1,121,533 7%
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Example Applications

1. Environmental modelling.
2. COVID-19 modelling.
3. Economic benefits of transit.
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Example 1: Environmental Modelling

GTAModel outputs of road link speeds & volumes
lined with:

MOBILEG6.2C emissions model (link emissions by
type by link by time of day)

CALMET meteorological model

CALPUFF dispersion model (pollutant
concentrations by zone by time of day)

‘ Dynamic population exposure to pollution by zone

by time of day!!
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EXAMPLE INTERVENTIONS

Auto & Transit |
Tlravel Times/ Costs

Persons
& Households

TASHA Activity/Travel Household Auto Transportation
Scheduler Ownership Model Network Model
Activity Trips By Mode, VKT by Facility
Patterns & Vehicle Type & Type, etc.
Trip Chains Time of Da |
»| Hot/Cold Soaks, Emissions Model
Cold Starts, etc.
Locations of Dispersion Mobile Source
People by Model Emissions
Time of Day




N\

r CO (Kgimile)
0-10

- 11 -40
i an 41-100
y — 101 - 160
A — 151 - 270
/ 7.00 - 7.59 am

Link-based running
emissions by time of day

Zone-based soak
emissions by time of day

Auto Emissions by
location and time of

day
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Dispersion of Emission Concentrations

i B0
|~une 21, 2001 &
50004 17:00 LST(UTC-0508
UTM Zone: 17 i
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July 17, 2001 Z.one NO2 Exposures
20:00 LST (UTC-0500)

N

o 2.9 = 10 Kilometers
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TASHA-MATSIM

More recently TASHA has been linked with MATSIM, an agent-
based micro/meso-scopic network simulator.

MATSIM allows us to keep track of individual agents as they
travel through the network so we can accumulate their emissions
(and, eventually, their exposure to pollutants).

It also provides us with rudimentary vehicle dynamics, allowing
a more detailed calculation of vehicle emissions.

Kl UNIVERSITY OF TORONTO

+#®, FACULTY or APPLIED SCIENCE « ENGINEERING

Transportation Research Institute




Emissions by hour
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Emissions by hour
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Example 2: ABM Modelling of COVID-19 Spread in Sydney
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Example 3: Economic Benefits of Transit Investment

Every $1 invested in TTC yields approx. $7 in benefits

- o
Operating (Return to 100% Capital (Line 2 Shut Down)

Service [2019 Proxy]) Average

Disbenefits in $ Benefit / $1

Benefits in $
Cffere | CEist

(Millions)  er/$1

Economic & Regional Development
GDP (Added Value) $17.7] $0.57 $415.00 $1.02 $0.80
Quality of Life
Transit Travel Time Savings $436.8] $4.55 $1,694.4, $4.16 $4.36
Auto Operating & Ownership Cost Savings $203.2] $2.12 $247.2 $0.61 $1.36
Auto Travel Time Savings $24.00 $0.25 $19.20 $0.05 $0.15
Road Accident Reductions $17.3] $0.18 $20.20 $0.05 $0.11
Health Outcome Improvements $7.4) $0.08 $32.5 $0.08 $0.08
GHG Reduction $2.3 $0.02 $7.3] $0.02 $0.02
Sub-Total Quality of Life Benefits $2,020.8

Total Benefits $2,435.8
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