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1.0 INTRODUCTION

MMM Group Limited in association with Parsons Brinckerhoff, was retained in May 2012 to undertake
the update of regional travel demand forecasting model on behalf of TRANS, a joint technical committee
on transportation system planning in the National Capital Region (NCR). The City of Ottawa was acting
as the contracting agency on behalf of all TRANS Agencies — including the cities of Ottawa and
Gatineau, STO, and the Provinces of Ontario and Quebec.

1.1 Study Objectives

TRANS has a long standing commitment to transportation model development, having been involved in
joint model development programs during the late 1970’s. During the intervening years, various forms of
a transportation planning model were updated as part of the ongoing mandate of the TRANS
Committee. The existing model is a tour-based aggregate model developed in 2008 was based on the
regional origin destination survey administered during the Fall of 2005, as well as a number of other
related transportation data collection activities undertaken. The TRANS Agencies determined it was
appropriate to initiate a comprehensive review and update of the model including it's techniques,
practices and input data. In 2011, TRANS Agencies conducted a new regional origin destination survey
to serve as a basis for this model update and to enhance the current modelling framework.

The key objectives of the model review and update were:

» To recalibrate the existing model based on recent data collection efforts including the TRANS 2011 O-D
Travel Survey, with a view of establishing a forecasting model framework with an increased level of
accuracy in carrying out both short-term and long-term forecasts;

» To develop a more comprehensive and robust model reflective of recent improvements in the
transportation modelling field, integrating advanced modelling techniques where appropriate, leading to
more a more advanced modelling framework with an increased level of reliability of the modelling results
as well as their sensitivity to various socio-economic scenarios, land-use development, and transportation

improvements;

» To outline a vision for the next generation of the model i.e. Activity-Based Model.

The TRANS Model is almost entirely implemented in the EMME/4 software that is developed and
distributed through INRO based in Montreal, Canada. Overall, travel demand is generated as a function
of a number of independent demographic and land-use variables to explain the regional travel
behaviour. Ultimately the travel demand, in terms of person and vehicular travel is organized within the
EMME/4 framework in the form of origin-destination trip tables (matrices) constructed for each travel
mode and time-of-day period. These matrices, representing trips between various traffic zones, are
assigned onto the appropriate transportation networks to obtain auto person, auto vehicle, bicycle, as
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well as transit travel on the road, bicycle and transit networks respectively. The update of the TRANS
Model therefore involved a full updating of the key demographic, land-use variables, as well as auto,
bicycle and transit networks to reflect 2011 current conditions. In addition, a large part of the work
included estimating statistical models based on the reported travel demand, trip patterns, and
characteristics so that local observed travel behaviour are well captured and predicted within the model
framework. A number of new features were added to the assignment procedures — accessibilities, auto
assignment by vehicle occupancy type, bicycle assignment and transit assignment with crowding
function and capacity constraining.

1.2 Study Participants

The TRANS Committee is comprised of the following member agencies: the National Capital
Commission (NCC), the Ministry of Transportation of Ontario (MTO), the City of Ottawa (including OC
Transpo), Ministere des Transports du Québec (MTQ), Ville de Gatineau and Société de transport de
I'Outaouais (STO). The NCC did not participate in the study.

The study was conducted under the direction of a TRANS Steering Committee including representation
from the following agencies:

» City of Ottawa: Transportation — Strategic Planning, Transit Service Planning (OC Transpo)

» Ministére des Transports du Québec : Direction de I'Outaouais and Modélisation des systémes de
transport ;

» Ministry of Transportation of Ontario:System Analysis and Forecasting Office;

v

Société de transport de I’Outaouais: Stratégies et développement;

Ville de Gatineau : Section Transport.

The study progress was supervised by a Model Development Sub-Committee led by Mr. Ahmad
Subhani, Senior Project Manager in the Transportation — Strategic Planning Unit at the City of Ottawa.
The Sub-Committee also included Mr. Tim Weli, Transportation Planner (City of Ottawa) as well as Mr.
Pierre Tremblay, Planning Director and Mr. Adham Badran, Transportation Analyst, both working in the
Modélisation des systems de transport division (MTQ), and Sundar Damodaran, Senior Policy Advisor in
the System Analysis and Forecasting Office (MTO). The Project Team appreciated their ongoing study
review and input throughout the duration of the model update.

The practical guidance and assistance of the mentioned above organizations is gratefully acknowledged.

1.3 Report Overview

This report documents the model development process. It also provides technical background, detailed
information on the data and networks used, as well as a description of each model component
implemented to develop a comprehensive and robust model.
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The report is structured as follows:

Section 1 — Introduction,

Section 2 — Model System Background,
Section 3 — Demand Model Architecture,
Section 4 — Zones and Network Adjustments,
Section 5 — Model Estimation Results,

Section 6 — Model Implementation in EMME/4 and User Manual,

vV VvVvVvyVvyVvYyvyy

Section 7 — Suggested Future Model Enhancements.

2.0 MODEL BACKGROUND

21 Previous TRANS Model Development

Previous transportation forecasting models were based on well-established traditional four stage travel
demand procedures consisting of trip generation, distribution, modal split and trip assignment algorithms
which were replaced with a tour-based aggregate model in 2008. The older versions of the models
focused on the PM peak and therefore included trip purposes such as: Work to home; School to home;
Other to home; Leave home; and non-home based travel. As such the trip generation equations
developed and defined PM Peak period only and represented a 2 %2 hour time frame (3:30 PM and 5:59
PM) coincident with the afternoon peak commuter travel demands. The tour-based model operated at
daily level and generated tours for work, university, school, maintenance and discretionary purposes.
For assignment purposes, the tours were divided into trips and only peak hour auto and bicycle volumes
within AM (6:30 AM to 8:59 AM) and PM (3:30 PM to 6:29 PM) periods were assigned. Transit volumes
were assigned for the AM and PM peak periods. TRANS maintained comprehensive demographic
datasets and also undertook roadside traffic counts as a means of keeping the model current, however
more comprehensive origin destination (OD) surveys for the region tended to be carried out on a less
frequent basis, an approximate ten year cycle (1986, 1995, and 2005) except for the most recent survey
(2011) which was carried out in 6 years. The existing tour-based model went through model update in
2012 based on the recent OD survey.

As part of the 1995 model update, the existing EMME/4 network was converted to the NAD 27
coordinate system; road networks were expanded with increased definition into the rural areas; the
number and location of centroid connectors were modified to allow traffic to spread more uniformly
throughout the network; turn penalties for existing 1995 and future 2021 networks were reviewed;
updated volume delay functions for the auto and transit modes were developed; and transit route
descriptions were revised (e.g. transit time functions based on congested roadway speeds when
operating in mixed traffic).

More recently additional work was completed in support of model maintenance to redefine the traffic
zone system as well as to update the base road/transit networks to reflect current 2011 conditions. The
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zone system was adjusted to better align with census and other planning area boundaries, specifically in
Quebec. Traffic zone were also divided in some areas where growth has been or is expected to increase
significantly. The model also was updated to include the existing and planned bicycle network.

2.2 TRANS Model Update

2.21 Input Data

In response to the objective of increasing the model’s sensitivity to demographic and policy changes, a
substantial number of new variables not included in previous model were identified and evaluated in the
new model in order to better define and describe travel behaviour. They included land-use variables and
densities, socio-economics, more employment/business categories etc. The Consultant team, together
with the Model Development Sub-Committee, coordinated the definition and preparation of these
variables; in many cases these variables were prepared and tested as part of the model estimation
procedures at several levels of aggregation: 672 traffic zones, 94 superzones, 26 districts (CBD being
one of them), 2 provinces and/or as region-wide control targets. In general, the selection of specific
variables was based on the results of the rigorous statistical testing and analysis performed as part of
the model estimation procedure.

Ultimately the retention of specific variables within the new model was based on their ability to better
explain and reproduce observed phenomena balanced against the level of effort/ability for various
agencies to forecast these variables into the future for longer term planning horizons.

2.2.2 Primary Data - 2011 OD Survey

The regional OD Survey completed during the Fall of 2011 serves as a major source of trip patterns and
trip characteristics for the redevelopment of the TRANS Model. The TRANS OD Survey represents a 5%
sample of households in each of 42 urban and rural sampling districts and reports all trips made by
persons of 5 years old or more, on an average weekday for each of the sampled households. Its aim is
to provide a detailed picture of current trip patterns and travel choices made by residents of the NCR as
well as to provide a strong foundation to establish and calibrate mathematical models to estimate and
explain local travel behaviour. It also serves as a means to measure trends in regional travel.

The survey collected four categories of data:

» Household data: location, size, number of vehicles, income and dwelling type, etc;

Person data: age, gender, driver’s license, transit pass, worker/student status, occupation, place of
work/school and parking arrangement, telecommute practice, etc;

» Trip data: origin, destination, purpose, mode of travel, departure time, arrival time, transit details (access

mode, line used, transfer points, fare payment), car occupancy, etc.

» Transfer points data: location data for points of transfer between modes.
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The survey results were then statistically expanded and validated based on other traffic, demographic
and employment datasets obtained and validated by area agencies. For the advanced modelling
purposes trips were combined into Tours (closed chains of trips starting from and ending at home) since
several of the sub-models (generation and distribution) are essentially tour-based.

2.2.3 Secondary Traffic/Trip Related Data

Traffic counts conducted annually at major arterial intersections represent a major source of observed
traffic flows along on most municipal roads. In addition, the City of Ottawa and the City of Gatineau
conduct screenline counts to obtain more detailed information regarding various vehicle types and
estimates of person flows across each of the major travel corridors in Ottawa-Gatineau. The series of
data collected as part of these ongoing counts provide valuable observed information that can be used
to validate the model estimates and results.

On-board transit ridership counts are also conducted separately by each transit operating agency.
OC Transpo uses an Automated Passenger Counting (APC) system which is typically operated on about
10 percent of the vehicle fleet. These buses are consequently rotated through the scheduled service on
various days of the week so that a representative sample of service is collected. APC buses are fitted
with components that count all passenger activity through each door. For STO, manual counts are
undertaken once a year, and cover every bus trip once during the period of January/February.

Transit Travel Speed (GPS) are obtained from the transit agencies based on the Automated Vehicle
location systems (AVL) which are GPS based and provide a detailed log of transit speeds and travel
times on specific routes and/or corridors.

Region-Wide Travel Time Surveys are resource extensive data collection efforts and consequently not
normally undertaken frequently. However, to complement the regional origin-destination data collection
efforts, travel time data was captured on approximately 22 travel itineraries through the use of the
floating car approach. The travel time information was collected using GPS technology with time space
information being recorded for both directions of travel in predefined corridors, which represented a
sizeable amount of data.

External Travel Survey was undertaken using intercept surveys and license plate capture at 23
entrance points into the National Capital Region. This survey recorded the locations of both the internal
trip end, by NCR traffic zone, and external trip end, by a system of external zones. The results of this
survey formed the basis for the external trip table used in the current model redevelopment. As the
external travel survey was performed in 2009, 2011 traffic counts and occupancy data were used to
update the volumes on key connections to and from external zones for the model. It is notable that
Quebec Autoroute 50 was fully completed in 2012 to provide a connection between the NCR and
Montreal area on the north side of the Ottawa River. The availability of this link was not reflected in the
results of the 2009 external travel survey or 2011 OD survey. As this link provides an alternative to
Ontario Highway 417 to and from Montreal, it will be important in future data collection to assess the split
of traffic between the two facilities.
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