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Abstract
This thesis investigates the application of disaggregate
choice behaviour modelling in a practical transit planning
context. Individual transit user behaviour is modelled in
detail to assess expected aggregate behaviour and to produce
an objective measure of the perceived satisfaction urban
travellers associate with the transit system.

A multinomial logit model is calibrated to represent
the transit route choice behaviour of morning downtown
commuters in Edmonton. The model, called the Transit Routé
Analysis Model (TRAM), is embodied in a computer program and
produces (a) the expected number of transit users boarding
at each stop in a transit network and (b) a composite
measure of satisfaction with th: transit network as
perceived by transit users.

To validate the output of the model, an on-board survey
consisting of brief passenger interviews was conducted. TRAM
prediction of the most probable transit choice for each
individual in the survey is compared with the observed
choice of transit stop for each individual. TRAM prediction
of the expected number of transit users boarding at each
transit stop is compared with the observed number obtained
from the data collection. Additionally, a simple model based
on catchment areas is used as a basis of comparison for the
observed and predicted numbers.

The research indicates that the TRAM model provides a

good representation of the behaviour of morning downtown



commuters in Edmonton, However, it demonstrates that the
relatively simple catchment area model can produce results
which are quite similar to those of the TRAM model. It
concludes that the TRAM model is potentially superior to the
catchment area model since, in more complex applications,
TRAM better accomodates trade-offs between the various
attributes of a transit trip. The decision as to which model
is appropriate in a given application depends on the level
of detail required, the complexity of the problem, and the
consequences of the resulting decision.

The thesis demonstrates the production of a composite
measure of satisfaction labelled the Quality of Service
Index (QSI). It concludes that the QSI provides a useful and
valid method of measuring and understanding the perceptions

of transit users regarding transit service.
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I. Introduction
This chapter explains the motivation which prompted this
research and outlines the research objectives. The chapter
also provides a brief description of the setting in which

the research took place.

A, Motivation and Objectives

In recent years, research undertaken in Edmonton has
contributed to the understanding of z relatively new
transportation modelling technique known as disaggregate
choice behaviour modelling. Specifically, Hunt (1988) used
the multinomial logit formulation to model individual
parking location choice in Edmonton, with a view to
representing the automobile mode in a disaggregate model of
mode choice.

At the same time, a need was identified to examine
alternative approaches to evaluating a major transit network
restructuring planned in response to extension of Edmonton's
light rail transit (LRT) system. This need motivated the
current research, and the application of disagreggate choice
behaviour modelling to this and other route-~level transit
planning issues was a logical extension to previous
research.

An example transit planning issue is the question of
whether it is better to provide a network of transit
services that establishes faster and more direct routes

(with generally longer walking distances to transit stops)



or to provide a network that reduces walking distances to
stops by penetrating into neighborhoods (with generally
slower and more circuitous routes). Furthermore, how would
transit patrons be expected to distribute themselves to
transit stops in each case?

Historically the analysis of such transit planning
issues has centred on the optimization of system-related
characteristics such as total travel time, total travel
distance, total passenger-hours, or total passenger-
kilometres. Network considerations, such as optimization of
timed-transfer connections, may also affect the analysis.
However, these approaches do not consider the actual
perceptions and evaluations which transit users employ to
assess the merits of a system and to determine their
behaviour,

In the alternative approach of disaggregate choice
behaviour modelling, individual transit user behaviour is
modelled in detail to assess expected aggregate behaviour
and to produce an objective measure of the perceived
benefits or disbenefits urban travellers associate with the
transit system.

The goal of the research is to investigate the
application of disaggregate choice behaviour modelling in a
practical transit planning context, observing its strengths
and weaknesses in order to determine its validity. To
accomplish this goal, the following objectives are

identified:



1. To calibrate a multinomial logit model to represent the
transit route choice behaviour of morning downtown
commuters in Edmonton,

2. To embody the calibrated model in a computer program to
facilitate the application of the model to
transportation engineering practice and theory.

3. To validate the output of the model against observed
behaviour in the field.

The model and computer program developed and validated in

this research are given the name "Transit Route Analysis

Model", abbreviated "TRAM",

B. Setting of the Research

Edmonton is the capital city of the province of
Alberta, one of the western Canadian prairie provinces. The
city's economy is dominated by the agriculture and petroleum
industries as well as the sustenance of the provincial
governnent administration. Edmonton is situated at 53
degrees north latitude; the mean daily high temperature is
22°C in summer and -11°C in winter (EEDA, 1987).

The metropolitan Edmonton region encompasses 750,000
people, including several suburban satellite communities.
Edmonton is served by a well-developed road system
consisting of 200 kilometres of freeways and expressways,
750 kilometres of arterial roads, and 2100 kilometres of

collector and local roads (City of Edmonton, 1988a).



The Edmonton Transit system consists of 554 kilometres
of transit routes, operating 1.6 million platform hours and
carrying 42 million passengers annually (CUTA, 1987), The
system functions on a timed-transfer basis; a flat fare is
paid, and transfers are free in the ongoing direction. The
system is owned and operated by the municipal government.

A feature of the transit system is an 11 kilometre
light rail transit line joining the central business
district (CBD) and the north-east sector of the city.
Expansion of the ten-year-old LRT system is underway to the

University of Alberta and the south sector of the city (City

of Edmonton, 1988a).



1I. Research Method
This chapter summarizes the method used in the development
and validation of the Transit Route Analysis Model (TRAM),
Concurrently, it describes the organization of the remaining
chapters of the thesis, in which details of the method are
provided as required.

Following this description of the research method in
Chapter II, a review of current practice in transit planning
is presented in Chapter 11I, The review indicates that most
existing practices do not consider directly the perceptions
of the transit user in directing the policies and
administration of transit systems. This finding confirms the
need for this research.

Chapter IV presents a brief synopsis of the theory of
disaggregate choice behaviour modelling. The synopsis
provides a level of detail sufficient to permit the

understanding of the research and thesis.

A. Development of TRAM

The development of TRAM refers to the development of a
procedure which is composed of two elements. The TRAM logit
model is a representation of choice behaviour which is
calibrated to observed transit user decisions. The TRAM

computer program embodies the calibrated model and allows it

to be used effectively in practice.
The calibration of the TRAM model is described in

Chapter V. The calibration reflects the fact that the



research is limited to the transit route choice behaviour of
morning downtown commuters. Morning downtown commuters
(MDCs) are defined as individuals undertaking trips by
public transit, during the morning peak period, based at
home, and destined for a workplace in the central business
district. The morning peak period is defined as 07:00 to
09:00 on weekdays. The definition of work includes both
full-time employment and post-secondary education,

The source of data for the model calibration is the
Edmonton Morning Commuter Survey (Hunt, 1984), This database
contains extensive detailed information on the morning-peak
home-to-work trips of over 1700 individuals who work in
Edmonton's CBD. The calibration approach is to observe the
choices known to be made by MDCs among the alternatives
available to them. On the basis of their home locations, a
set of reasonable transit alternatives is identified for
each member of a sample of MDCs drawn from the data source.

Each transit alternative is characterized by selected
attributes such as travel time, service frequency and
walking distance. On the basis of the selected attributes,
the calibration routine determines the attribute weighting
which maximizes the likelihood that the model predictions
agree with the observed choices. A stepwise process is used
to identify model attributes which are significant and those
which are not. Goodness-of-fit measures are used to evaluate
the overall significance of various potential models. The

"best" model is adopted as the calibrated TRAM model.



The development of the TRAM program is described in
Chapter VI, The calibrated TRAM model is embodied as the
motor which drives the program. Written in the FORTRAN
programming language, the program is structured around
subroutines which can flexibly accommodate modifications.

To make the use of TRAM more practical, travellers are
grouped into aggregation units which are similar in relevant
model attributes, Various transit network scenarios can be
input to TRAM and evaluated using its output. The two
products of TRAM are (a) the expected number of transit
users boarding at each stop in a transit network and (b) a
composite measure of satisfaction with the transit network

as perceived by transit users.

B. Validation of TRAM

In the validation of TRAM, an important distinction is
drawn between the two products of the TRAM procedure.
Predictions of the expected number of individuals boarding
at transit stops are feasibly validated through observation
of actual traveller behaviour. However, the validity of a
composite measure of satisfaction is very difficult to
determine with certainty since it attempts to gauge human
perceptions of a complex environment. The validation of the
composite measure of satisfaction is therefore indirect, by
inference from the actual validation of the predictions of

expected boardings.



The "environment" of a transit network exists at two
levels. The macroscopic level is the aggregation of all the
transit patrons boarding at each stop; the microscopic level
is the set of choices among available alternatives, made by
individual transit users, which contribute to the
macroscopic totals., Since a particular state of the
macroscopic level can represent many different
configurations of the microscopic level, a complete
validation of TRAM requires testing at both levels,

The procedures used to attain the data required for the
testing of TRAM at both levels are described in Chapter VII.
The data required for the validation of TRAM at the
macroscopic level is simply the aggregate number of morning
downtown commuters boarding over the morning peak period at
each transit stop. Validation at the microscopic level
requires three additional elements of disaggregate data to
allow TRAM to attempt to replicate individual transit choice
behaviour., First is the trip origin, which is assumed to be
the home address for trips during the morning peak period
and is used to determine transit walking distances. Second
is the trip destination and third is the trip purpose; trips
destined for other than the CBD and the workplace are
excluded from the MDC market segment.

An on-board survey consisting of brief passenger
interviews was chosen as the data collection mechanism.
Three neighborhood-sized study areas were chosen as

locations for data collection: Capilano, Beverly, and a



portion of Clareview, Figure 1 illustrates the boundaries of
the study areas and their locations in the city.

The microscopic level testing involvea the TRAM
prediction of the most probable transit choice for each of
the individuals in the research survey. This prediction was
compared with the observed choice of transit stop for each
individual. Chapter VIII presents the details of the
micro-level testing, including the procedure, results, and
analysis.

The macroscopic level testing involved the TRAM
prediction of the expected number of transit users boarding
at each transit stop. This prediction was compared with the
observed number obtained from the data collection.
Additionally, a simple model based on catchment areas was
used as a basis of comparison for the observed and predicted
numbers., The details of the procedure for the macro-level
testing are contained in Chapter IX.

The results of the macro-level testing are threefold.
First, there is a comparison of the total number of transit
trips observed for each study area and predicted using City
of Edmonton trip generation rates. Second, there is a
comparison of the observed and predicted proportioning of
the transit trips among the routes serving each study area.
Finally, there is a stop-by-stop comparison of the observed
and predicted number of transit users boarding at stops in
each study area. The details of the results of the

macro-level testing are contained in Chapter X; the analysis
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of the results is in Chapter XI,

Finally, Chapter X1l presents a discussion of
observations drawn from all aspects of the validation of
TRAM, and Chapter XIII presents the conclusions of the

research,

11



111, Review of Current Practice
The most recent edition of the Canadian Transit Handbook
[CTH] (CUTA, 1985) encapsulates the current state of transit
planning in Canada and is a logical reference point in a
description of current practice. The CTH describes the
distinction betveen a marketing orientation and an
operational orientation to public transit planning. The
marketing orientation recognizes that "the [transit] system
is a service organization which can only be effective if it
meets the need of present and prospective patrons" (CUTA,
1985, p. 22-1), In contrast, the more common and traditional
operational orientation holds that if the transit system is
well-run (as measured by various system-related service
performance indicators) it will be well-patronized and
therefore successful.

Although it devotes a chapter to the marketing
orientation to public transit planning, the CTH is written
primarily from an operational perspective. For example, the
Handbook states that "route design concerns itself with the
assembly and dispersal of people so that they can be
accumulated on a fixed route in quantities that will justify
transit service and yet serve the many diverse trips that
take place in an urban area" (CUTA, 1985, p. 10-1). In this
statement, although the need to serve "many diverse trips"
is acknowledged, transit users appear to be regarded mainly

as a quantity which may or may not justify transit service.

12
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The CTH describes the objective of transit network
désign as the maximization of ridership under certain
economic and policy constraints, It notes that route
planning involves difficult compromises between the need for
good transit coverage (in order to minimize walking
distances) and directness of transit service (to minimize
travel times). However, no explanation is provided of how
best to address this trade-off in an existing community.'

Another variety of trade-off described by the CTH
involves the planning of transit route spacing: whether for
a given transit demand it is better to supply many routes
(closely spaced) with less frequent service or few routes
(widely spaced) with more frequent service. The CTH suggests
it is better to supply fewer routes with greater frequency,
avoiding route overlaps and duplication of service in
addition to yielding a greater (though undefined) "overall
quality of service" (CUTA, 1985, p. 10-14).

With respect to the evaluation of transit performance
in general, the CTH describes criteria such as minimum
levels of service frequency, minimum hours of operation for
various grades of service, and minimum amounts of transit
coverage. The Handbook lists several "service performance
indicators™ relating to planning, operations, and
administration. These include the average operating speed,
the total number of passenger-hours or passenger-kilometres,

——— ———— . —————— - — - -

"The solution offered is to deal with the problem at the
community design stage by providing extensive walkways to
reduce the magnitude of the trade-off between walking
distance and travel time.
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and the load per vehicle at the maximum load point,

In terms of demand for transit service, the CTH
describes demand models at the level of the transit route
and of the system as a whole, For example, it describes the
use of elasticity models to determine the effect of policy
changes on daily ridership. Although it is noted that "the
number of onboard passengers at the maximum load point is a
basic information requirement for the provision of transit
service" (CUTA, 1985, p. 5-2), there is no reference to
prediction of transit demand on a stop-by-stop basis.

The City of Calgary uses a design guide based largely
on the Canadian Transit Handbook. According to the design
guide (City of Calgary, 1987), the fundamental goal of the
Calgary transit system is to maximize ridership, and this is
the basic measure of performance. In order to maximize
ridership, several objectives (such as minimizing walking
distance and minimizing travel time) have been adopted, all
of which are to be achieved. Although it is acknowledged
that the objectives are inter-related and often competing,
no explanation is provided regarding the determination of
the appropriate balance between them.

Calgary has numerous system-related standards
(e.g. maximum walking distance of 450 metres, maximum
peak-hour and off-peak load factors, maximum allowable
headways) and performance measures (e.g. number of
passengers per platform hour, other indicators related to

financial performance, cost efficiency, and utilization of
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service, labour, and vehicles) which are monitored to
evaluate the adequacy of the transit system. Additionally,
complaints and inquiries are monitored to obtain "an
indication of the public's perception of a route" (City of
Calgary, 1987, p. 23).

However, in terms of Calgary's transit planning, the
maximization of ridership is the most important goal. In
this regard, the minimization of travel time is given the
greatest weighting, and the public's perception of the
trade-off between travel time and other competing factors is
neglected.

The City of Edmonton employs the EMME/2 model (Babin,
Florian, et al., 1982) to evaluate the adequacy of its
transit routes and to evaluate proposed changes in its
network of transit service. EMME/2 belongs to the family of
"systems analysis" methods described by Florian et al.
(1976) in their survey of the state-of-the-art in transit
route development and evaluation techniques.

The systems analysis technique, which is called
"interactive analysis” in the Canadian Transit Handbook,
relies on an assignment procedure which converts
origin-destination information to predictions of flows on
transit lines, In an iterative manner, the initial route
network is manually modified and the assignment procedure is
re-applied. Eventually, the various scenarios are compared
on the basis of a chosen criterion, and the best alternative

is selected. The technique is interactive in that the
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experience of the transit planner is used to design the
scenarios which undergo comparison.

Florian et al. (1976) provide a thorough description of
several other types of approaches to transit route
development and evaluation. "Search and screen" methods
begin with a network of all possible locations of transit
routes plus a representation of the service available on
each; the process selects a subset of the network and the
transit service necessary to satisfy the given demand. The
"analytic approach" represents the city and the transit
network in abstract form and applies trigonometric and
calculus techniques to determine the characteristics of the
optimal network. Florian et al. describe further methods,
but consider them impractical.

Wilson and Gonzalez (1982) review current practice in
short-range transit planning, specifically service design,
and propose changes to existing procedures which would
increase the attention given to improving routes which are
not obviously substandard. They deal with the identification
of problems in existing service in terms of "service
measures” (statistical summaries of route data, e.g.
passengers per bus-hour) or "service standards" (critical
levels for particular service measures, e.g. minimum 25
passengers per bus-hour). They also discuss the generation
of alternatives, but do not address the assessment of the
effectiveness of such alternatives, stating that "this

analysis process is often largely judgemental, but it may
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include one or more models to predict impacts" (Wilson and
Gonzalez, 1982, .p. 2).

Yuratovic (1982) notes the lack of methods to determine
the impact (with respect to system ridership) of either the
introduction of new/extended transit routes or service
changes on existing routes. He discusses an un-referenced
review of current practice at forty North American transit
systems, categorizing the existing methods into four groups:
(a) professional judgement, (b) non-committal surveys
(asking potential riders if they would use a proposed
service), (c) cross-sectional data techniques (examining the
relationship between transit use and various characteristics
of the transit service and the population to be served), and
(d) time-series data techniques (examining changes in
ridership in response to service changes over time).

Yuratovic identifies two main problems common to many
of the existing methods. Firstly, the accuracy of the
methods is unknown since few tests have compared the results
of predictions against actual riderships. Secondly, the
informality of many of the techniques is not conducive to
the replication of results or transferability of methods
among jurisdictions.

Yuratovic proposes a model which is not fully
described, but appears to be a regression equation which
determines a transit trip generation rate on the basis of
transit service frequency and average income. A transit

route is segmented into logical parts (on the basis of
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timing points and major intersections), and a market area is
dJetermined for each segment. The number of generated transit
trips is calculated and the trips are distributed, along
with transfer trips (if any), in each direction along the
route. Different models would be reguired for various types
of transit routes (e.g. radial vs. crosstown, express vs.
local).

The concept of a market area is applied at the transit
stop level in the catchment area (CA) method, an approach
used in this thesis. The market (or "catchment") area is
combined with a pre-determined trip generation rate to
obtain the transit demand on a stop-by-stop basis. The
details of the method, including the determination of
catchment areas and trip generation rates, are discussed in
a later chapter.

Derbonne (1978) and the FHWA (1980) adopt the
operational approach with operating standards and guidelines
oriented primarily to the system operator with little direct
consideration of the system user. In a public transportation
textbook, Koski refers to "the detailed microplanning
necessary in laying out transit routes" (Koski, 1979,

p. 134) but does not provide a methodology for such
microplanning beyond a cursory reference to computer
modelling.

In summary, the review of current practice indicated
that there are numerous system-related strategies to manage

adjustments in a transit network, but that there is little
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regard for the way such adjustments are perceived by transit
users. Most methods in use do not attempt to gauge the
satisfaction which transit users derive from transit route
planning measures, nor in what manner their patronage and
boarding patterns will form as a result of a particular
measure.

This thesis applies a relatively new approach which is
capable of both gauging satisfaction and predicting boarding
patterns: disaggregate choice behaviour modelling,

specifically the use of the multinomial logit model,



1V, Synopsis of Disaggregate Choice Behaviour Theory
This research does not seek to expand the theory of
disaggregate choice behaviour, rather to investigate its
practical application to transit route choice behaviour and
to observe its strengths and weaknesses, This chapter aims
to provide the reader with a sufficient description of the
theory to understand the procedures used within the thesis.

There are numerous references available to provide more
detailed treatments of the many aspects of the theory. In
particular, Domencich and McFadden (1975) is a benchmark
work which provides a thorough development of the theory.
The synopsis which follows is, unless otherwise specified,
derived primarily from a recent text by Ben-Akiva and
Lerman (1985).

Transit route choice behaviour is approached from an
economic perspective in which the commuter is considered to
be a consumer of transportation in general and transit in
particular. There may be several different ways to get from
an origin to a destination by transit. The transit consumer

is presented with a discrete choice because only one transit

alternative may be selected for a given trip.:?
Each commuter has within his environment a virtually

unlimited supply of transit alternatives.® However, within

reasonable limits (constrained by resources such as time and

*This is in contrast to a choice among continuous
alternatives, of which one may choose a proportion of more

than one alternative.
*The urban "environment" theoretically includes every

transit route in the urban area.

20
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money, and affected by the degree of awareness of the
availability of alternatives) each individual has a limited
choice set of alternatives, Alternatives can be
characterized by an unlimited number of attributes, such as
travel time, cost, comfort, and convenience. The combination
of the various attributes of an alternative can be
represented by an overall utility to the consumer,

Domencich and McFadden describe the concept of rational

choice behaviour as asserting that "a decision maker can

rank possible alternatives in order of preference, and will
always choose from available alternatives the option which
he considers most desirable" (Domencich and McFadden, 1975,
p. 34). In other words, it is assumed that consumers make
their choices such that the alternative with the maximum
utility is selected. In mathematical terms, alternative i
will be chosen by individual n if:

Uip > Uy, for all j€C,, j#i
where U,, is the utility of alternative | to individual n,
and | & j are elements of the choice set of alternatives C,.

However, rarely are models of human behaviour

completely deterministic, and it is unrealistic to expect a
model to predict choice behaviour with certainty. Ben-Akiva
and Lerman (1985) cite Manski (1973) as identifying four
sources of randomness which necessitate the assumption that
utility is a random variable. First, not all attributes

which affect choice behaviour can be observed by an

outsider. Second, there exist variations in taste across a
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population which can not be determined with certainty for an
individual. Third, there are errors inherent in the
measurement of observable attributes, Finally, there is
error due to the imperfect relationship between proxy
variables and the related variables they attempt to

represent, *

Under the assumption of random utility, the choice

probability of an alternative is defined as the probability

that the utility of that alternative is greater than the
utilities of all other alternatives in the choice set. In
mathematical terms:

P,(i) = P(U;, > Uy,, for all j€c,, j#i)
where P (i) is the probability that alternative j is chosen
by individual n, and the other symbols are as previously
defined.

The utility of an alternative is assumed to consist of

a deterministic component V,, and a disturbance component
€int

Uin = Vip + €540

The deterministic component (V; ) is the part of the utility

which represents the observable attributes in a systematic
way. It is assumed to be a weighted linear combination of
terms X;, which may include attributes of the available

alternatives | and characteristics of the individual n:

- . o P~ - ——— = ——

‘For example, "income" and "number of vehicles owned" are
proxy variables which are not necessarily perfect
representatives of an individual's economic status.
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Vin = f(xin) = Z ¢X;,
where the vector of weighting coefficients ¢ must be
calibrated to known transit choice behaviour.®

The disturbance component (e;,,) is the part of the

utility which represents the inherent uncertainty and
randomness., The assumption as to the form of the
distribution of the disturbance component distinguishes
among the various choice models such as logit and probit.
Ben-Akiva and Lerman (1985) fully describe the

assumptions necessary for the formulation of the multinomial

logit (MNL) model, which has the following form:

oy L exp (V. )
Byli) = = exp (Vj,)
j€c

n

where the symbols are as previously defined. Note that the
assumptions regarding the disturbance component allow it to
be left out of the MNL formulation.

The multinomial logit model formulation is predicated

on an assumption known as the independence of irrelevant

alternatives, abbreviated "IIA", Ben-Akiva and Lerman (1985)

describe this assumption as holding that the relative choice
probabilities of any alternatives in a choice set are
independent of the presence or absence of additional
alternatives. The importance of the IIA assumption is

descriped by Domencich and McFadden who state that it

*V;, is also known as the measurable conditioning function,
and is often loosely referred to as the utility function.



24

"requires that the alternatives [in a choice set] be
perceived as completely distinct and independent" (Domencich
and McFadden, 1975, p. 20).

Ben-Akiva and Lerman (1979) show that the natural
logarithm of the denominator of the MNL formulation can be
used as a "composite measure which describes the
characteristics of a group of travel alternatives as they

are perceived by a particular individual" (Ben-Akiva and

Lerman, 1979, p. 654). They show that this composite utility
is theoretically consistent with the random utility model
structure used to represent individual choice behaviour.,

For completeness, it should be noted that Ben-Akiva and
Lerman (1979) discuss the application of the composite
utility as an appropriate linkage among component models in
a hierarchical (or "nested") choice model structure such as
those in Sobel (1980), Teply (1982), and Ortuzar (1983). In
this application, the composite utility is representative of
the choice situation at a lower level of the choice
hierarchy. For example, the full spectrum of automobile and
transit alternatives could each be represented in a
higher-level model of mode choice by their composite
utility. (The hierarchical modelling structure also
addresses an ITA problem by combining similar alternatives

in their own "level" in a hierarchy.)



V. TRAM Model Calibration
This chapter describes the calibration of a multinomial
logit model to describe the transit route choice behaviour
of morning downtown commuters in Edmonton, Following a
description of the calibration procedure, the results of
several calibration "runs" are presented and analyzed.
Finally, the calibrated model to be incorporated in the TRAM

program is presented.

A. Procedure

Recall that the utility function used in the MNL model
is assumed to be a linear combination of characteristics of
the individual and the available alternatives (X;,),
weighted by a vector of coefficients ¢:

Vin = z ¢Xin

The calibration task is to determine the optimum values of
the coefficients ¢. The approach used to determine the
optimum coefficients is the observation of revealed

preferences. That is, one observes the actual choice made by

an individual from the choice set of available alternatives.
The method used to estimate the optimum coefficients of

the utility function is called the maximum likelihood

method. For any given set of coefficients, the logit model
can determine the choice probability for each alternative in
every choice set. The likelihood of all the (known) chosen
alternatives being predicted as such by the model is equal

to the product of the choice probabilities of ail the

25
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(known) chosen alternatives, The optimum set of coefficients
by definition yields the maximum likelihood of occurrence of
the (known) observed choices. For reasons of computational
tractability, it is the logarithm of the likelihood which is
the guantity maximized.

An ideal model would assign a probability of unity to
all of the known choices. Therefore the likelihood of the
occurrence of all those choices would also be unity and the
log of the likelihood would be zero. For non-ideal models
(found in reality), the likelihood is less than unity and
the log-likelihood is negative. The maximum likelihood
routine searches among all the possible values of the
coefficients of the utility function and isolates the
optimum set of coefficients,

From the Edmonton Morning Commuter Survey database
(Hunt, 1984) was selected a sample of 121 transit users
distributed randomly throughout the city. Among other
things, the following information was known for each
individual: home location, work location, actual chosen
transit route/stop location, age, and income.

On the basis of their home locations, choice sets of
alternatives were generated for each individual. The choice
sets included the known chosen alternative, as well as any
other available alternatives deemed reasonable.® In some
cases, alternatives which added variability (in one or more
attributes) were included in choice sets even though they

‘The determination of "reasonable" alternatives for choice
sets is described in Chapter VIII,
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would not necessarily be viewed as reasonable by a typical
transit user, The resultant 121 choice sets were composed of
a total of 332 transit alternatives.

The attributes of the choice set alternatives which
were hypothesized to influence route choice and were
determined for each individual are as follows:

(a) origin-end walking distance (ODIST), (b) total
in-vehicle travel time (TRIDE), (c) transfer waiting time
(TTRANS), (d) number of transfers required for the trip
(NTRANS), (e) frequency of service (FREQ),

(f) destination-end walking distance (DDIST), and (g) a
dummy attribute specific to the use of the LRT (NBLRT) .

The origin-end walking distance is the shortest-path
walking distance, in kilometres, from the home location to
the boarding transit stop, as measured from a set of 1:5000
scale maps of Edmonton. The travel time, transfer time,
frequency (all in minutes), and number of transfers were
determined from regular transit schedules. The
destination-end walking distance is the shortest-path
walking distance, in kilometres, from the alighting transit
stop to the work location, generated by a minimum path
algorithm. The LRT-specific dummy attribute assumes a value
of unity if the trip requires use of the LRT and zero
otherwise; it was included to investigate the possibility
that the use of the LRT as part of a transit alternative

contributes a significant additional effect of its own.
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The waiting time at the boarding transit stop is
dependent on whether an individual arrives randomly or
according to the scheduled transit arrival time. However, it
was assumed that for a given individual this factor would be
the same for each transit alternative, and therefore the
waiting time was not included in the calibration. The
frequency of service attribute "FREQ" may incorporate
indirectly some influence of the waiting time, but more
predominantly reflects the general prevalence of service of
a particular transit alternative,

The maximum likelihood routine from a commercial
statistical software package was used to determine the
optimum utility function coefficients. The procedure was to
select the attributes (of the alternatives) which would be
expected to "explain" the observed choice behaviour revealed
by the data. The software then determined the coefficients
yielding the maximum log-likelihood for the specified
attributes, and produced various statistics describing the
significance of the resulting coefficients and model.

A stepwise approach was used to systematically
determine the combination of attributes which "best"
represents actual observed behaviour. The results of the
series of steps are presented in tabular form in the next
section of this chapter. The remainder of this section
describes the content of the tabular results.

The body of each table of results consists of the

estimated utility function coefficient for each attribute
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along with its corresponding t-statistic. The remaining
statistics in each table are indicators of the significance
of the estimated model as a whole. The "log-likelihood at
zero" [L(0)] is the value of the log-likelihood when all
utility function coefficients are initially set to zero.’
The "log-likelihood at estimated coefficients™ [L(B)] is the
value of the log-likelihood using the estimated
coefficients, i.,e, the maximum likelihood. The magnitude of
the difference between the two log-likelihood values
corresponds to the degree that the chosen attributes have
"explained" the observed choice behaviour.

It follows that a large value of the statistic
"-2(L(0)-L(B))" is also indicative of the quality of the
model. It has been shown by McFadden (1974) that this
statistic is distributed as a chi-squared distribution. In
practice it is limited to indicating only that the results
of the model using the estimated coefficients are
significantly different from the results of the model using
all coefficients equal to zero. In all estimations completed
for this study (and, indeed, for most models which include
any reasonable explanatory variables) the statistic
indicates that the models were significantly "different from
zero".

Ben-Akiva and Lerman (1985) describe rho-squared (p°)
as an informal indicator of goodness of fit which measures

"With all coefficients set to zero, the MNL model
formulation collapses to a simple proportional model wherein
the choice probability of any alternative is the inverse of
the number of alternatives in the choice set.
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the fraction of L(0) which is explained by the model and is
analogous to the multiple correlation coefficient R’. In

mathematical terms,

2 _ _ L(B)
=TT

Domencich and McFadden (1975, p. 124) provide a "relatively

stable empirical relationship between the indices [p® and
R’]", which is reproduced in Figure 2. As an example, the
figure indicates that a typical p? of 0.345 is roughly
equivalent to an R® of 0.7. However, we are cautioned that
"there are no general guidelines for when a p° value is
sufficiently high" (Ben-Akiva and Lerman, 1985, p. 167).

The rho-bar-squared statistic (p’) is very similar to
pz, but accounts for the influence of the number of

attributes which compose the model:

-2 _ _ L(B) - 2z
pro= 1 L(0)

where Z is the number of model attributes., As with other
statistical models, it is a property of the MNL formulation
that a more complex model (i.e. including more attributes)
appears better to represent reality because it encompasses
more degrees of freedom. However, a simpler model requires
less data, introduces less data error, and is conceptually
more attractive. Thus, p° is a superior indicator of the
goodness of fit of the model. It has been shown by McFadden
(1974) that even slight improvements in 5° (in the order of

0.01) indicate a significantly improved model overall.
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B. Calibration Runs

The first step in the calibration incorporated all
seven of the attributes described previously: origin-end
walking distance (ODIST), number of transfers (NTRANS),
in-vehicle riding time (TRIDE), transfer waiting time
(TTRANS), frequency of service (FREQ), destination-end
walking distance (DDIST), and the LRT-specific dummy
attribute (NBLRT). The results of the estimation are shown
in Table 1., It can be seen that five of the attributes in
Run 1 are significant, but that TTRANS and NBLRT are not.

The second step in the calibration re-estimated the
coefficients excluding the insignificant attributes from
Run 1, The results of Run 2 are shown in Table 2. Most of
the coefficients and t-statistics are virtually unchanged.
The p° measure has improved from 0.321 to 0.327, indicating
that the second model is superior to the first.

Despite the fact that the attribute TTRANS was
insignificant in Run 1, it is conceptually attractive that
some measure of the transfer time (which contributes to the
total time required for the transit trip) be included in the
model. Thus, the third step combined transfer time with.
travel time to form a new attribute "TTOTAL", which is the
total transit trip time. The results are presented in
Table 3. It can be seen that all five attributes are
significant and the p° statistic is unchanged.

Further steps attempted to improve the model by

including hypothesized interactions of age and income with
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ATTRIBUTE COEFFICIENT T-STATISTIC
ODIST - 6.14 6.14
NTRANS - 2.05 3.38
TRIDE - 0.166 4.16
TTRANS - 0.0798 0.48
FREQ - 0.166 3.74
DDIST - 2.48 2.42
NBLRT + 0.0529 0.04

* = Insignificant attribute; minimum t-statistic of
1.96 required for significance at 95% confidence

SUMMARY STATISTICS:

L(0) = LOG LIKELIHOOD AT ZERO = -146.924

L(B) = LOG LIKELIHOOD AT ESTIMATED COEFFICIENTS = -96.278
-2(L(0)-L(B)] = 101.292

RHO SQUARED = 0.345

RHO BAR SQUARED = 0.321

Table 1 - Coefficient summary for calibration Run 1
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ATTRIBUTE COEFFICIENT T-STATISTIC
ODIST - 6.14 6.15
NTRANS - 2.25 4.96
FREQ - 0.117 3.78
SUMMARY STATISTICS:
L(0) = LOG LIKELIHOOD AT ZERO = -146.924
L(B) = LOG LIKELIHOOD AT ESTIMATED COEFFICIENTS = -96.411
-2[L(0)-L(B)] = 101.026

RHO SQUARED

RHO BAR SQUARED

0.344
0.327

Table 2 - Coefficient summary for calibration Run 2
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ATTRIBUTE COEFFICIENT T-STATISTIC

ODIST - 6.09 6.18

FREQ - 0.115 3.71
SUMMARY STATISTICS:
L(0) = LOG LIKELIHOOD AT ZERO = -146.924
L(B) = LOG LIKELIHOOD AT ESTIMATED COEFFICIENTS = -96.397

-2[L(0)-L(B)] = 101.054

RHO SQUARED = 0.344
RHO BAR SQUARED = 0.327

Table 3 - Coefficient summary for calibration Run 3
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the attributes. For example, to reflect the greater value of
time perceived by individuals with higher incomes, the model
wvas estimated with "total time" replaced by "total time ¥
income". It was also hypothesized that the perceived
increase in the value of time might not be related linearly
to income, and estimations were done for "total time *
log(income)" and "total time * square-root(income)".
Similarly, it was hypothesized that the perceived weighting
of walking distance would be magnified with increasing age.
Two estimations were done, multiplying ODIST and DDIST,
respectively, by the age of the individual.
A list of the p° statistics associated with these runs

follows:

TTOTAL *%* INCOME +.cvcecvooncnsoscenensnses 0.316

TTOTAL % LOG (INCOME) .vcvevvevrvnvensones 0.301

TTOTAL % SQRT (INCOME) tvevevevceevevenass 0.312

ODIST % AGE t.ivveiavsvorsvscnevocnanssonses 0,318

DDIST*AGE 0 8 % P 0o 9 s e OO 0L PO LN e SLEDNNGOGCESE TS 00320

C. Analysis

The fact that, in Run 1, NTRANS was significant and
TTRANS was not suggests that only the requirement that a
transfer be made, and not the time associated with the
transfer per se, is perceived as significantly "costly" by
commuters.

It had been expected that the LRT-specific dummy

variable NBLRT in Run 1 would have a significant positive
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coefficient. The fact that its coefficient is not
significant might be a result of a lack variability in the
data; there were few choice sets in the sample which
involved the decision of whether or not to use the LRT, For
example, in north-east Edmonton the bus-feeder system
essentially compels the transit user to choose to ride on
the LRT and there are few non-LRT transit alternatives which
lead to the Central Business District. Conversely, in west
Edmonton the use of the LRT on a transit trip to the Central
Business District is not appropriate. The structure of the
logit model formulation is such that, without adequate
variability of data, a significant coefficient can not be
produced.

In Run 2, the attribute NTRANS seemed to absorb the
significant explanatory portion of the excluded attribute
TTRANS. The improvement in the overall model performance is
because of the decrease in the number of attributes and the
fact that the omitted attributes were insignificant.
However, because of the conceptual attractiveness of the
TTOTAL attribute and the equivalence of the models of Run 2
and Run 3 in terms of significance, the model of Run 3 is
deemed the best model of the three.

With regard to the additional attempts to improve the
model, it is evident that none of the models is as good as
that of Run 3 (for which p° = 0.327) even though in all
cases the hypothesized attributes were significant.

Furthermore, each of these models would require input of age
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or income data when making model predictions, a disadvantage

relative to the model of Run 3,

The signs and magnitudes of the Run 3 model
coefficients are consistent with expectations, It is logical
that utility decreases (i.e. "cost" increases) with
increases in either origin-end or destination-end walking
distance, It is likewise logical that the utility of a
transit alternative decreases with increasing total transit
travel time, Since FREQ represents service fregquency in
terms of minutes of headway, it would be expected that
increased headway would decrease the utility of the transit
alternative. Finally, it is also reasonable that a
requirement to transfer would decrease utility,

In addition to its use within the MNL model, the
calibrated utility function of Run 3 provides insight into
the perceived weighting of the various attributes. The ratio
of the coefficients of two attributes determines the
quantity of one attribute which is equivalént to one unit of
the other attribute. Table 4 presents a complete matrix of
attribute equivalencies for the calibrated utility function.

Example equivalencies include:

(a) 1 kilometre of origin-end walking distance is perceived
as equivalent to 2.5 kilometres of destination-end
walking distance, and

(b) 1 transfer is perceived as equivalent to 0.3 kilometres

of origin-end walking distance or 11.4 minutes of total

travel time.



ODIST TTOTAL FREQ NTRANS DDIST
(km) (min) (min) (#) (km)
ODIST 1 37.6 53.0 3.30 2.500
(km)
TTOTAL 0.027 1 1.4 0.09 0.066
(min)
FREQ 0.019 0.7 1 0.06 0.047
(min)
NTRANS 0.300 11.4 16.0 1 0.750
(#)
DDIST 0.402 15.1 21.3 1.33 1
(km)
NOTE: Read across row to determine equivalency of one unit

of item in left column.

Table 4 - Matrix of attribute equivaiencies
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Information such as this can be used by the transit planner
to determine strategies and policies for improving transit
service, Examples of practical applications include
considerations of transit network density in central and
outlying areas, and considerations of the merits of

no-transfer direct service versus feeder service which

necessitates a transfer,

D. Calibrated TRAM Model

To summarize, it has been established that the "best"

model is that of Run 3., The calibrated model is:

exp (V. )

exp (V.)
E, o

P (i) =
n

with the following utility function:

V,, = - 6.09(ODIST) - 0.162(TTOTAL) - 0.115(FREQ)

- 1,84(NTRANS) - 2.45(DDIST)

where:

Vi, is the utility of transit alternative j to individual n;

ODIST is the minimum walking distance from the residence of
individual n to transit alternative i (in kilometres);

TTOTAL is the total transit trip time (riding and
transferring) of transit alternative i (in minutes);

FREQ is the frequency of transit service for alternative |,
expressed as minutes of headway;

NTRANS is the number of transfers required to be made for

transit alternative ji; and
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DDIST is the minimum walking distance from the alighting
stop of transit alternative | to the work location of
individual n (in kilometres).

However, for the remainder of the thesis it is assumed that

destination-end walking distance is randomly distributed and

therefore on average can be assumed to be the same for all
individuals who work downtown. DDIST is therefore excluded

from the application of the TRAM model.



V1. TRAM Program
Previous chapters have addressea the theory behind the TRAM
model and its calibration. This chapter describes the TRAM
computer program, which embodies the calibrated TRAM model

and allows it to be applied easily to practical situations.

A. Basic Principles

The function of the TRAM program is to (a) predict the
number of transit users expected to choose each alternative
in a transit network analysis area, and (b) determine a
comparative composite utility associated with the transit

network.

A transit alternative is defined as the representation

of a transit route at a particular stop. Generally, each
different route is a separate alternative, and more than one
different alternative may be associated with a given stop.
However, if several routes which are similar in terms of
travel time, service frequency, and path service a
particular stop, the combination of all of the similar
routes are represented as one alternative.

With regard to the first function of TRAM, recall that
the product of the TRAM model is the choice probability of
each transit alternative available to a particular
individual. Ben-Akiva and Lerman note that a link is
required "between the disaggregate level models ... and the
aggregate level forecasts of interest to planners and

decision makers" (Ben-Akiva and Lerman, 1985, p. 131).
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The expected aggregate demand E(i) for each transit
alternative j could be determined by summing the choice
probabilities of all individuals n in the analysis area®
population N:

E(i) =.§n P, (1),
However, it would be a prohibitive task to determine the
value of each attribute for each alternative for all
individuals n. Instead, Ben-Akiva and Lerman (1985) describe
a link whereby the analysis area population N is divided
into groups K which are reasonably homogeneous with respect
to the model attributes:

E(i) =]5N kxPy(i)
The Kk members of each group K are represented by an "average
individual” located at the geographic centroid of the group,
and the choice probabilities of the group are determined on

the basis of the average individual's representative

attribute values. These groups are defined as aggregation

units (AUs) in this thesis.

Because individuals in an AU are not entirely
homogeneous, it is logical that the accuracy of the forecast
decreases as the size of the AU increases. Ben-Akiva and
Lerman (1985) note that establishing a balance between these
two factors requires the careful judgement of the model

user.

*The term "analysis area" assumes that the model is applied
to a limited geographic area, such as a neighborhood, as
opposed to the entire urban area.
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Aggregation units of approximately city-block scale
were selected for three reasons, First, they seemed
intuitively to be a practical and appropriate balance
between the individual commuter and the entire neighborhood
of commuters., Second, a convenient computer-based technique
was available for data manipulation at that scale. Finally,
city-block scale is the "lowest" level of detail for which
socio-economic characteristics were available from census
data.

With regard to the second function of TRAM, it was
stated in Chapter IV that the natural logarithm of the
denominator of the MNL formulation forms a measure of the
composite utility of the transit network as perceived by
transit users., This composite utility is defined for this

research as the Quality of Service Index (QSI), and is a

tool with which different scenarios of transit networks can

be compared.

B. Program Structure

The TRAM model is the motor which drives the TRAM
program. In fact, the utility function which is the basis of
the TRAM model occupies a single line within the program
code. Thus, the utility function can be conveniently changed
to accomodate models calibrated to various conditions and
purposes.

The TRAM model (and hence the program) requires input

of the relevant attributes of each alternative for each AU.
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TRAM program input consists of two groups of data: (a) a
network scenario description and (b) an aggregation unit
description. The network scenario description provides
information on the routes composing the particular transit
network scenario which is to be analyzed; the aggregation
unit description provides information on the alternatives
available to each AU in the analysis area.

The two groups of TRAM data are contained in separate
input datafiles, each consisting of a descriptive title line
and a series of program data lines. The data lines are
categorized into line types to accommodate organization and
data checking, A detailed description of the format and
content of the data files is contained in Appendix A.

The TRAM program is written in the FORTRAN 1V
programming language. The structure of the TRAM program is
represented as a flowchart in Figure 3. The rectangles
generally correspond to subroutines; the flowchart depicts
their interrelationships as controlled by the main TRAM
program. At this initial stage, the program is designed to
stand alone. However, it was developed to facilitate
integration and interaction with larger system models. The
use of subroutines in the program makes modifications and
additions more convenient.,

As shown in the flowchart, TRAM first reads the title
lines from each input file and writes them to appropriate
output files. Next, a subroutine reads the network scenario

description information from the appropriate file. The
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Figure 3 - .TRAM program structure
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network scenario description is essentially a list of the
stops which constitute each route in the transit network
scenario; included, for each stop, are the stop number,
location, and scheduled transit arrival time,

Then, for each AU, subroutines are called to (a) read
the AU description, (b) calculate the utility of each
available transit alternative and calculate average
statistics for the AU, and (c) write the generated results
for the AU to an output file.

Aggregation unit descriptions contain (a) the
population and transit trip generation rate of the AU, and
(b) for each transit alternative available to the AU, the
route and stop number of the alternative, the walking
distance to the transit stop, the number of transfers
required to reach the destination, and the frequency of the
transit service. The utility of each alternative is
calculated on the basis of the aggregation unit description
data and the TRAM utility function. Transit users from each
AU are assigned to transit alternatives in relation to the
utilities of the alternatives. Weighted average walking
distances, travel times and utilities for the AU are
calculated. These results are then written in a table of AU
averages.,

Finally, when all AUs have been processed, a subroutine
calculates and writes overall transit route analysis
statistics and the total number of boardings at each stop.

The statistics (consisting of overall weighted averages of
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transit travel time, walking distance and utility) are
calculated frcim AU information which is accumulated over all
the AUs, The number of boardings at each stop is written
graphically and numerically in a format corresponding to the
network description as initially input.

At several points in the program (not shown in the
flowchart), special subroutines may produce warning or error
messages indicating data input errors, unreasonable values
of program variables, or exceeded program limits.

For illustrative purposes, the next two sections
supplement the program structure description with a

hypothetical example of program input and output.

C. Example Input

A hypothetical network scenario consisting of two
routes in a four-block analysis area is shown in the diagram
in Figure 4. Each city block in the area is considered to be
a separate AU. The AUs are numbered and the population and
transit trip generation rate of each are recorded. The
transit routes are drawn on the diagram, including the
transit stops. The routes and stops are numbered and the
scheduled arrival time at each stop is recorded. The time of
arrival at the downtown, the nominal service frequency, and
the number of transfers required are noted. The average
automobile travel time from the zone to the downtown is also
included. Figure 5 shows the information on the diagram as

transcribed for input to TRAM according to the line type



Route Route
#101 #102
#1 $:=0720 #3 T=0717
1001 1002
+ +
POP=150 POP=100
TGR=10% TGR=10%
1
[
| '
| <>C 1
= » 2
= 3 o
2 2 2
m “ &
t 1
1 ] ]
) [} ]
] i ]
]
1003 1004
-+ -+
POP=120 POP=60
TGR=10% TGR=10%
#2 %=0722 4 *I‘SOUI
(Both routes arrive at CBD
i,¢e. First & Main @ 0740)
(Auto travel time is 15')
A 4 v
# transfers=0 #f transfergs=l
frequency=20' frequency=10'

Figure 4 - Example transit netwerk scenario

=== OAK ST --

Note:

T = achedulad transit
arrival time
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Routes 101 & 102
11 101 3
12 1 Birch Qak St
12 2 Birch Fir St

12 989 First Main St
11 102 3

12 3 Spruce Oak St
12 4 Pine Fir St
12 998 First Main St

DORNOUVDL WD -

(a) Network scenario description

Example run
21
22

23
22
23

23
22
23
23
22
23
23

VGRNOUDHWN -

(b) Aggregation unit description

Figure 5 - Example TRAM program input
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specifications,

The two transit routes are input as network scenario
description data (Figure 5-a), the first line of which is
the Title Line, following which each route is described by
one Line Type 11 and three Lines Type 12. Line Type 11
provides the route number, the number of stops on the route,
and the nominal frequency of service on the route. The route
number is arbitrary and is used only for identification
purposes in prbgram output. The "number of stops on the
route" includes each stop in the transit market area plus
the final destination stop. The nominal frequency of service
is the average scheduled fregquency of service for the route
for the time period under analysis. Each stop on the route
is described by a Line Type 12 which provides the stop
number, stop location, and scheduled stop arrival time,.

The area description is input as aggregation unit
description data (Figure 5-b), the first line of which is
also a Title Line. Line Type 21 indicates that the average
automobile travel time from the area to the CBD is
15 minutes; the program is capable of accepting further
input if different automobile travel times apply to other
areas. BEach AU is then described by one Line Type 22 and two
Lines Type 23.

Line Type 22 contains the number of the AU, its
populationr and transit trip generation rate, and the number
of available transit alternatives. In the example, each

block was arbitrarily assigned a transit trip generation
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rate of 10 per cent, Each block was considered to have two
available alternatives, one from each of the two routes,

Line Type 23 contains, for each transit alternative,
the route and stop number of the alternative, the walking
distance to the stop and, if applicable, the number of
transfers required and the resulting effective service
frequency. If no transfer is necessary, the nominal service
frequency is assumed by the program; otherwise, a frequency
must be specified since the service frequency of the

transfer route may be inferior to that of the original

route,

D. Example Output

The program output is also in two parts. Part I is an
evaluation of the network scenario and provides indicators
of transit service quality for each AU and for the overall
area. Part Il is a route-by-route tabulation of the
predicted number of boardings at each transit stop.

As shown in Figure 6, Output Part I consists of a
tabulation of performance indicators used to evaluate the
transit network scenario. The main portion of the table
contains one line of output for each AU, followed by two
lines (separated by double spacing) of summary output.

The first column of output contains the label of each
AU. The second column contains the Quality of Service Index
(QSI), which increases with improved transit service

quality; the maximum possible QSI is 35, chosen arbitrarily
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LR A AR AR AR R R A A R A R R AR A S A S SRR R RS R RN R RN

. TRAMDt (05/85) OUTPUT PART I .

A R AA S RS R R AR R R RS R 2 R R R R R R R R R R RN YRS RN

RUN ID: Example run

USING: Routes 101 & 102

MARKET QUALITY QUALITY AVERAGE AVERAGE NUMBER
SEGMENT OF SVC OF SVC WALKING TRAVEL [o]3
INDEX RATIO DISTANCE TIME TRANSIT
(min) USERS

Figure 6 - Example TRAM output Part I
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such that it is unlikely to be exceeded in any normal

program application,

The third column is the Quality of Service Ratio (QSR),

which is a measure of the degree to which the transit
service for an AU approaches "automobile-equivalent transit
service", Automobile-equivalent transit service is the
hypothetical transit service which simulates the automobile
mode, the attributes of which are: (a) origin-end walking
distance (ODIST) is negligible, i.e, zero, (b) total travel
time (TTOTAL) is the average automobile travel time, (c)
frequency of service is unlimited (i.e. FREQ=0), and

(d) number of transfers (NTRANS) is zero.

The definition of the QSR is depicted graphically in
Figure 7. The auto-equivalent QSI usually approaches the
maximum of 35; the actual transit Quality of Service Index
is usually lower. The ratio of the latter to the former,
expressed as a percentage, is defined as the QSR. The
purpose of the QSR measure is to allow a comparison of
transit service among different analysis areas, which cannot
be accomplished using raw QSI values alone.

The fourth and fifth columns are the weighted average
walking distance and weighted average travel time,
respectively. Each transit alternative available to an AU
has associated with it a walking distance and a travel time.
The weighted averages are calculated based on the number of
transit users choosing each alternative. They are indicators

which can help explain the corresponding Quality of Service
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35
—+ Auto-Equivalent QSI
T QsI
-+ 0
QsI
QSR = — x 100%

(Auto-Equivalent QSI)

Figure 7 - Definition of the Quality of Service Ratio (QSR)
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Index, since QSI decreases with increases in either walking
distance or travel time,.

For example, if the QSI for an AU is relatively low, an
examination of the average walking distance and average
travel time may provide some insight, Perhaps the walking
distance is relatively high, and consideration may be given
to reducing the walking distance by adjusting the path of
the transit route, thereby improving the QSI. If several
adjacent AUs with large numbers of transit users are found
to have relatively large walking distances, a transit route
could be adjusted to reduce the walking distances. This
would likely significantly improve the overall QSI.

The next column indicates the number of transit users
generated by the AU, determined on the basis of the AU
population and the transit trip generation rate. This number
indicates the relative weight of an AU and its QSI on the
overall QSI.

The final column is the number of transit alternatives
available to the AU. The QSI increases implicitly as the
number of alternatives increases, so that several inferior
transit alternatives may produce a QSI equivalent to that of
a single superior transit alternative. The number of transit
alternatives can be used to distinguish between these two
states and may affect the evaluation of the final QSI for a
market segment.

Following the main portion of the Part I output table

are two lines which summarize the columnar statistics (where
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applicable) for the OverAll (O/A) transit analysis area and
for the AUTOmobile-equivalent transit service (AUTO). The
QSI and QSR from the "O/A" line can be considered to
summarily characterize the network scenario. Using these
values, the transit service provided by a network scenario
can be compared to transit service in other analysis areas
as well as to that of other existing or proposed scenarios
in the same area.

The overall average walking distance and travel time
statistics can be used as benchmarks for comparison with
corresponding values from individual AUs and provide
explanation of the magnitude of the QSI. A relatively 1low
QSI value can be the result of a relatively high value of
either walking distance or travel time. The averages give
the TRAM user an indication of how to attempt to improve a
transit network scenario.

The "AUTO" line includes the automobile-equivalent QSI,
which is the denominator in the ratio used to compute the
QSR column. For the "AUTO" line, by definition the QSR is
100% and the average walking distance is zero. The average
travel time for the "AUTO" line is the average automobile
travel time input to TRAM.

Output Part 11 (Figure 8) is a route-by-route list of
the predicted number of boardings for each stop in the
network scenario. In addition to the program heading, the
output includes the route number and nominal scheduled

frequency for each route.
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. TRAMD! (05/85) QUTPUT PART I1 *
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RUN ID: Example run

USING: Routes 101 & 102

FREQUENCY: EVERY 20 MINUTES

Birch Av Oak . EEFEATEERSEENOES
Birch Av Fir St . sEEREIVERSSIES
First Av Main St

10

TOTAL BOARDINGS

AR AL LA A AR E RS A LSRR AR 22 R RN E S RS RSN R T]

. TRAMD! (05/85) QUTPUT PART 1II *

PRV X CA RS LRI E LA S LS E RS S AR ER XN TR R G

RUN ID: Example run

USING: Routes 101 & 102

ROUTE: 102 FREQUENCY: EVERY 10 MINUTES

STOP LOCATION BOARDINGS
4y 0 1? 2? 3?
3 Spruce Av  Oak St 9 A A AR A A dd
4 Pine Av' Fir St 6. [*esve=
999 First Av Main St 0] | I
o} 10 20 30
TOTAL BOARDINGS : 15.

Figure 8 - Example TRAM output Part II
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The transit stops on each route are listed in the order
that they were input in the network scenario descriptions.
There is one line for each stop, consisting of the stop
number, stop location, and the number of boardings
predicted. The number of boardings, which is the total for
the morning peak period, is output in both numerical and
graphical form. (The destination stop is listed for
completeness only, and the boardings at that stop are not
indicated.)

Part II of the output gives the user an indication of
the probable distribution of transit users to the transit
stops in the network scenario. The graphical output shows
clearly the uniformity or lack thereof for such a
distribution, and a heavy concentration of boardings at a
particular stop will be guite evident. The user may adjust
the network scenario in response to the output, depending on
the objectives of the transit system.

In Figure 9, the results from Output Part II have been
transferred to another diagram of the analysis area for
clarity. Note that only the total numbers of boardings, in
brackets, were output by TRAM; the "distribution" of transit
users from each block was calculated manually. It is
illustrative to examine the distribution of the transit
riders from each block to the two routes; a trade-off exists
between Route 101 and Route 102, the former being faster and

requiring no transfer, but offering less freqguent service.
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Figure 9 - Example assignment of boardings
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V11, Data Collection
This chapter describes the collection of data required for
validation of the Transit Route Analysis Model. The chapter
summarizes the method, preparation, and execution of the
data collection effort. The full description is available

elsewhere (Cooper, 1986).

A, Survey Method

The data required for the validation of TRAM were
obtained through investigation of the activity of morning
downtown commuters boarding at transit stops.

Several methods of collecting the TRAM validation data
were considered, each a combination of either active or
passive survey techniques and either on-board or at-stop
survey administration. Active survey techniques involve oral
interviews or written gquestionnaires in which subjects
actively participate; passive survey techniques are merely
observational and do not directly involve the subject of the
survey. On-board survey administration requires that one or
more surveyors administer the survey while on board transit;
at-stop survey administration requires the surveyor(s) to
administer the survey to subjects at the transit stop.

The passive survey techniques which were ccrsidered
involved a surveyor simply counting the number of
individuals boarding at each transit stop. Although passive
survey techniques are generally simple to execute,

unobtrusive to passengers, and may have minimal manpower
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requirements, they are not adequate to allow micro-level
validation of TRAM. Further, the counts resulting from a
passive survey include transit users other than downtown
commuters. Thus, validation of TRAM at even the macréscopic
level would necessitate the assumption of distributions of
trip purpose and trip destination for the surveyed transit
users.

The active survey techniques which were considered
involved either an oral interview or a written questionnaire
designed to obtain the information required for the
microscopic-level validation of TRAM. The active survey
technique explicitly determines trip purpose and destination
so that no assumptions are needed. Since the information
required for the validation of TRAM is relatively simple,
the oral interview is ideal. Interviews are generally less
complex, require less manpower, and are less obtrusive to
passengers than written gquestionnaires.

On-board surveys have two main advantages over at-stop
surveys. First, it has been shown that transit passengers
tend to minimize waiting time by arriving at the transit
stop just before the scheduled transit arrival time (Gill,
1969) . Thus, an at-stop surveyor is idle much of the time
between buses, then very busy just before a bus arrives, and
may be unable to properly survey all boarding passengers
before the bus leaves. Second, unless the transit route to
be surveyed is quite short, the manpower requirements of the

on-board survey are considerably less than the at-stop
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survey. Therefore, it was decided to administer an "on-~board
interview" survey to collect the data required for the
validation of TRAM.

As noted previously, three study areas were selected as
survey locations: Capilano, Beverly and Clareview. Figure 10
shows the transit routes serving each area. A series of
"neighborhood fact sheets", providing details of land use
and demographics for the study areas, is contained in
Appendix B.

The criteria for choosing the study areas were:

(a) They are bounded by well-defined barriers, with a
limited number of transit exit points.

(b) They have various subdivision plans (traditional simple
grid, modern crescent-dominated, etc.).

(c) They have a practical number of transit routes (for data
collection).

(d) They have various transit route complexities (simple
straight-!.ne, convoluted, looping, etc.).

(e) Their CBD transit routes involve various combinations of

transfers, LRT use, and direct routes.

B. Survey Preparation

To ensure the feasibility of administering an on-board
interview survey, a minimum of one route from each study
area was monitored during the morning peak period. The
monitoring consisted of either riding or driving behind as

many buses as possible on the selected route. The number of
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Figure 10 - Transit routes in study areas
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individuals boarding and alighting at each transit stop and
the time of arrival at each stop were recorded. This
resulted in an indication of the maximum number of boardings
at any one stop, the distribution of boardings along the
route, and the average time interval between successive
stops along the route. |

From this preliminary investigation, it was evident
that the on-board interview survey was feasible. Frequently
only one or two passengers would board at a transit stop;
and the time interval to the next occupied stop appeared to
allow sufficient time for the required passenger interviews.
It was noted that on one or two peak runs along each route,
the number of boardings and their dense distribution along
the route would make the interview survey difficult to
execute, However, this problem was not judged to be serious
enough to make the plan infeasible.

The preliminary study also reconfirmed various
assumptions regarding the operations of the transit routes.
For example, it was confirmed that many people arriQe at
their bus stop just as the bus arrives, supporting the
rejection of the at-stop survey administration.

A further preliminary study involved a cordon survey of
all buses leaving the Beverly study area. The purpose of the
cordon survey was to determine the manpower requirement for
the on-board interview survey in that area, which was
dependent on the reliability of the transit system as a

means of returning surveyors to the starting point. Several
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alternative configurations of surveyors, with and without an
automobile shuttle, were considered.

Fiqure 11 presents a list of the survey questions., The
survey began with an introductory statement. Then, the
questions were posed in order such that only those
individuals travelling to work in the downtown are queried
about their home address. A procedure is indicated for those
instances where the address was not supplied in response to
the initial question.

A TRAM Validation Survey Form was prepared and is
presented in Fiqure 12. Space is provided for all essential
information, with an allowance for extra comments or
information., Short prompts of the survey questions head the
columns. "Yes or No" questions reqguire that the appropriate
response (Y or N) be circlid, to reduce confusion during the
survey and ambiguity during its interpretation.

A group of nine surveyors was recruited. Six of the
surveyors were employees of the City of Edmonton who
specialize in data collection. Two graduate students and one
summer-research student from the University of Alberta
completed the group.

An initial meeting was held to acquaint the surveyors
with the TRAM Validation Survey. A short explanation of the
TRAM modelling procedure was provided as background, so that
the purpose of the survey was clear. The chosen survey
technique was explained, and the survey gquestions were

introduced. The terms "work" and "downtown" were defined,



Survey Questions

GOOD MORNING,
(WE ARE CONDUCTING A SMALL SURVEY THIS MORNING,)
* ARE YOU ON YOUR WAY TO WORK RIGHT NOW ?
(if "no", "THANK YOU";

If "yes", continue)

*» 0O YOU WORK DOWNTOWN ?

{If "no", "THANK YOU";

"

If "yes",

continue)

* WHAT IS YOUR HOME ADDRESS ?

(Reason - to be able to measure distance
to bus stop)

(If refuse, "CAN YOU JUST GIVE ME THE POSTAL
CODE 7

{if refuse, "CAN YOU GIVE ME THE STREET AND
AVENUE YCU LIVE ON ?")

THANK YOU VERY MUCH.

Figure 11 ~ Survey questions

67



CITY OF EDMONTON

/

UNIVERSITY OF ALBERTA

TRAM Program Verification Survey

Route Run Date Surveyor Page ____ of
Stop Time [ [ Work? Down=~ Address / Postal Code / Notes
No. On off town? ST - AVE Coordinates
Y N Y N
Y N Y N
Y N YN
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
Y N Y N
i Y N Y N

Y N Y R
Y N Y N
Y N Y N
Y N Y N
Y N Y N

Notes:

Figure 12 - TRAM Validation Survey form
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and the surveyors were instructed to make a note of any
responses which required interpretation. The survey form was
explained in detail and a partially-completed form was
provided as an example., Strategies were provided to maximize
the efficiency of the survey under high-activity conditions.
The surveyors were instructed to ask the survey guestions as
phrased on the question sheet, to ensure standardization.
Identification tags were distributed, and it was made clear
that transit inspectors and drivers would be informed of the

occurrence of the survey on the appropriate days.

C. Survey Execution

The TRAM Validation Survey was executed on three
successive days midweek in late August, 1985. Each of the
three survey days recorded activity in one study area, and
began at a designated meeting place approximately one-half
hour before the beginning of the survey. A briefing meeting
described the plans for each day, including duty assignments
and procedural details to be remembered. After each survey,
a debriefing meeting was held to collect the survey forms.
The forms were checked quickly and there was an opportunity
for feedback from the surveyors.

During one of the surveys a bus was missed completely,
and approximately four passengers on another bus were
missed. Based on the assumption that the missed bus carried
no more passengers than the most-patronized bus which was

surveyed, the maximum effect on the overall results would be
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four percent. Thus the impact of each of these problems was
considered marginal.

Some irregularities were noted during the processing of
the survey forms. A follow-up debriefing with each surveyor
during the week following the survey resolved many of the
problems while the events were still fresh in the memories
of those involved. After each survey form was carefully
checked and most irreqularities clarified, all corrections
and assumptiohs necessary to satisfactorily reconcile the
problems on the forms were recorded. The data from the
original survey forms were transcribed carefully, in a
standard fashion, to new survey forms. A special indication
was made if extra comments or information were associated
with entries on the original forms. The survey information
from the new forms was keypunched to a computer datafile
labelled "CTVS" (Coded TRAM Validation Survey) and
re-checked carefully.

Over the three-day survey period, the recording of
boarding activity at surveyed transit stops yielded a total
of 961 events. A total of 874 individuals boarded surveyed
buses, of which 833 (or 95%) were interviewed. Of the
interviewed passengers, 447 (54%) indicated that they were
travelling to work in the CBD.

Some of the survey responses were discarded because
tney did not previde adequate information to be of use, or
wore believed to provide incorrect information. For example,

d=.a involving unknown, non-existant, or vague addresses
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were excluded. Also discarded were data involving trips
which appeared to be "chained". For example, one trip
originated at a home address in Mill Woods but boarded at a
transit stop ten kilometres away in Capilano, suggesting an
automobile component which renders the trip beyond the scope
of this research. Similarly, another trip involving a parent
dropping a child at daycare and subsequently re-boarding was
excluded.

For purposes of micro-level testing, the remaining
survey data were edited to form a list of home addresses and
the associated route and stop chosen by each subject. For
purposes of macro-level testing, the data were coded by
route and stop so that only simple sorting and counting
procedures were necessary to tabulate the number of

boardings at each stop along the transit routes surveyed.



VIII., Micro-Level Testing (Procedure, Results, &
Analysis)

This chapter presents the procedure, results, and analysis
of testing the TRAM model at the microscopic level, The
testing involved two steps: (a) applicatinn of the TRAM
model to determine the choice probability of the transit
alternatives available to the individuals in the research
survey, and (b) comparison of the results of the TRAM model
with observations of the actual choice of stop.

The first section of the chapter describes the TRAM
model predictions in the three study areas. The next section
discusses the method used for comparison of the model
results and observations. The results of the comparison are

presented and analyzed in the final two sections.

A. TRAM Model Prediction

A modified version of the TRAM program, called
TRAM.MICRO, was developed for micro-level testing of the
TRAM model. Its product is simply the choice probability of
each available transit alternative for each subject. The
simpler format of the TRAM.MICRO output is suited to the
comparison with observed data.

The TRAM.MICRO program accepts input in the same format
as the TRAM program itself, differing only in that the
alternatives are associated with an individual at a known
address (effectively an aggregation unit of one person). The

generation of reasonable alternatives which constitute
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choice sets for the program input is described generally in
the remainder of this section and specifically for each
study area in the subsequent sections, |

The first step was to plot each transit stop in the
study area on a 1:5000 scale area map. Then, the residence
of each individual was located on the same area map, in most
cases by simply estimating the location by its address.
Where an adequate estimation of location was impossible, the
address was located precisely by means of a site visit.

Corresponding to the utility function of the TRAM
model, the TRAM program requires the input of four
attributes for each alternative: (a) the walking distance to
the transit stop, (b) the frequency of transit service at
the stop, (c) the total transit travel time from the stop to
the CBD, and (d) the number of transfers required to travel
from the stop to the CBD.

In order to generate choice sets in an objective
manner, several criteria were used to aid in the
determination of reasonable transit alternatives. The
guiding principle was that, to conform with the assumption
of the irrelevance of independent alternatives (IIA), the
transit alternatives must be "distinct and independent in
the eyes of the decision-maker" (Domencich and McFadden,
1975, p. 78). This concept was applied by attempting to
generate choice sets which reflected the perspective of a

typical transit rider.
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Recalling the definition of transit alternatives from
Chapter VI, generally each alternative consists of a
distinct route. A route is then represented for modelling
purposes by a representative "best” transit stop for that
route, using an informal and implicit "sub-model" of walking
distance minimization., Thus, although the model is
technically determining.choice probabilities for various
transit stops, the stops are representative of a particular
route alternative,

Because of the importance of walking distance in the
TRAM model, the closest transit alternative was generally
the foundation of the choice set. For additional
alternatives, only those stops within a reasonable upper
limit of walking distance were considered, and only in
instances where a benefit of some degree was offered to
balance the extra time and effort required to reach a
more-distant alternative.

In cases where doubt existed as to whether an
alternative would be reasonable or not, the alternative was
included in the choice set. The rationale in these cases was
that, if the alternative was truly insignificant, the model
would assign it a negligible probability; conversely, if tne
alternative was indeed significant, it ought to be included

in the choice set.
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Beverly Study Area

Figure 13 shows the six transit routes which serve the
Beverly study area. Routes #18, #20, and #28 provide the
primary transit service, and travel from the Abbotsfield
Transit Centre through the Beverly area to the Coliseum LRT
Station where riders transfer to the LRT to complete the
trip to the CBD.

Three other routes provide secondary transit service.
Route #2 travéls from the western edge of Beverly through
Highlands to the Stadium LRT Station (where a transfer can
be made to LRT) and on to the CBD. Routes #70 and #71
backtrack from the eastern boundary of Beverly northward
through Hermitage to the Belvedere LRT Station, where riders
transfer to LRT before continuing to the CBD.

i1t can be seen that, for all subjects north of
118 Avenue, either Route #18 or Route #20 provides the
closest transit service, and the other one provides a
reasonable alternative. Similarly, Routes #18 and #28 are
the two reasonable alternatives for transit riders south of
118 Avenue. In all cases, Routes #20 and #28 also provide
service on the reverse loop, but these routes are identical
to the forward loop route and always have a greater travel
time, so they are never included in the choice sets of
alternatives.

The deepest penetration of Route #2 into the Beverly
study area is at 118 Avenue and 50 Street. For subjects

within a reasonable distance of this intersection, Route #2
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vas considered a transit alternative in the choice set. It
should be noted that, although Route #2 provides the option
of direct service to the CBD or a transfer to LRT at Stadium
Station, the latter is unreasonable since it saves only two
minuces travel time but requires a transfer and therefore an
equivalent extra travel time cost of 11,4 minutes (refer to
Table 4).

The deepest penetration of Routes #70 and #71 into the
Beverly study area is Abbotsfield Transit Centre. Again,

those subjects within a reasonable distance of this location

et

were provided with these routes as an alternative. Because
of their similarity, the two routes were combined as one
alternative with a combined frequency of service and average

travel time,

Capilano Study Area

Figure 14 shows the three transit routes which serve
the Capilano study area. Routes #50 and #51 provide the
primary transit service, and travel through the four sectors
of the Capilano area before proceeding directly to the CBD.
Route #93 provides. secondary transit service, travelling
along the south edge of the study area and proceeding
northward to Coliseum Station where transit patrons can
transfer to the LRT to complete the journey to the CBD.

Because of the well-defined natural boundaries of the
Capilano study area and the fact that Routes #50 and #51 are

the only routes which provide direct service, these two
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routes are the only logical transit alternatives for the
majority of the Capilano study area. Transit alternatives
which require a transfer at Capilano Mall are redundant‘
since Route #50 (which itself is already included as an
alternative) has the fastest travel time from Capilano Mall
to the CBD.

Toward the south end of the Capilano study area, the
alternative of Route #93 to the Coliseum followed by Route
#101 (LRT) to the CBD is a reasonable alternative by virtue
of its proximity. Thus, it is included even though its long
travel time renders it unlikely to be considered by a

significant number of transit patrons.

Clareview Study Area

Figure 15 shows the four transit routes which serve the
Clareview study area. Route #72 and #74 provide the primary
transit service, travelling through Clareview toward .ae
Clareview LRT Station, where transit riders transfer to the
LRT to continue to the CBD. Rnutes #79 and #179 provide
secondary transit service, travelling the reverse direction
through Clareview to the Clareview LRT Station,

Clareview was the first study area for which choice
sets were generated. Whereas the number of combinations of
transit alternatives in the other study areas necessitated
limitations on the selection of reasonable alternatives, all
four transit routes were included in all choice sets in

Clareview., Consequently, even though Routes #79 and #179
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Figure 15 - Transit service in Clareview
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travelled the reverse loop of Route #74, they were included
as alternatives (whereas reverse loop routes were zxcluded
from choice sets in the other two study areas).

This difference was not considered problematic since it
was assumed that unreasonable alternatives are assigned
insignificant choice probability by the TRAM model, A
limited analysis of the results of some variations in the
micro-level choice sets indicated that this assumption did

not greatly affect the outcome of the model testing.

B. Method of Comparison

Two different methods are available for comparison of
micro-level model predictions and survey observations. The
first method is the prediction success method and the second

method is the log-likelihood method. The prediction success

method (also known as the "%-right" method) is simply a
tabulation of the proportion of individuals whose observed
choice alternative was correctly assigned the greatest
choice probabilitv by the model. The criterion of success is
at the route level; in other words, although the actual stop
choice and the representative stop used by the model may not
be the same, success is achieved if both are representative
of the particular transit route alternative.

A major disadvantage of the prediction success method
is that it does not distinguish between widely different
predictions such as a correct prediction which is assigned a

probability of 51% and one whicli is assigned a probability
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of 99%. Ben-Akiva and Lerman state that "the insensitivity
of the '¥-right' statistic, in adéition to its potential for
completely misleading indications, argue against its use"
(Ben-Akiva and Lermah, 1985, p. 92).

The log-likelihood method uses the p2 measure

previocusly explained in Chapter V, It is applied in the same
manner, gquantifying the degree to which the model-generated
choice probabilities are superior to the naive proportional
model for which all utility function coefficients are zero.
Note that, since the TRAM model specification is constant,
there is no need to use Bz to account for varying numbers of
model attributes.

A computer program was written to compare the observed
results and predicted results. The comparison program
includes the summary statistics "p’" and (for illustrative

purposes) "%-correct".

C. Results

The results of the micro-level testing are presented in
Table 5. "Equivalent" R’ values from Figure 2 are provided
as a reference. In all three study areas, the p2 values are
quite favourable. The %-right measure lends qualified

support to this positive assessment.
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BEVERLY CAPILANO CLAREVIEW
Number of 118 139 76
Observations
Rho-squared 0.474 0.631 0.715
"Equivalent" 0.87 0.99 1.00
R-squared
% Correct 78% 85% 93%

Table 5 - Microscopic level testing results
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D. Analysis

Overall, the results of the micro-level testing are
encouraging., It appears that the modelling of individual
transit alternative choice is successfully achieved by the
calibrated model.

The p2 results of Table 5 are in fact slightly
conservative as a result of a minor difficulty in the
application of the TRAM model. In some cases, although the
predicted route was correct, the stop actually chosen by the
transit user was not the same as the modelled representative
stop nor an adjacent stop which could readily be accepted as
equivalently representative of the route. This problem was
addressed by re-running the model with the original
representative stop replaced by the actual chosen stop.
Therefore, the p’ statistic was composed of the choice
probabilities of several stops determined using modelling
assumptions and the choice probability of one stop which
evidently was selected (by a transit user) using different
assumptions. This tended to decrease artificially and
marginally the p? values.

In assessing the differences in the ¢’ values for the
three study areas, it was noted that there may be a
relationship between improving model performance and
decreasing surface area and/or population. However,
identification and confirmation of such relationships is

beyond the scope of this research.



I1X. Macro-Level Testing (Procedure)

This chapter describes the procedure for testing the TRaM
model at the macroscopic level. The testing procedure
involved three steps: (&) prediction of the number of
boardings at each transit stop using the TRAM model, (b)
prediction of the number of boardings at each transit stop
using a model based on catchment areas and trip generation,
and (c) comparison of the results of the two predictions
with the observed number of boardings at each stop.

Following the sections which describe the model
predictions is a brief discussion of twé aspects of the

comparison of the predictions and observations.

A. TRAM Model Prediction

This section presents the procedure used to generate
TRAM model predictions of the number of boardings at each
stop along a transit route.

Recall from Chapter VI that AUs of city-block scale
were selected for this research. The actual method for
generating aggregation units from the raw data involved
sorting all household addresses in each study area by postal
code. Postal codes generally divide a city block into four
sections_corresponding to its sides. Examination of postal
code maps supplied by Canada Post indicated that this method
of grouping would be appropriate for the purposes of this
research. A magnetic tape directory of all Alberta postal

codes and associated address ranges was obtained (Canada
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Post, 1985), and a computer program was prepared to group
household addresses into aggregation units by postal code.

The population associated with each aggregation unit
was determined from an extract of the 1983 Edmonton Civic
Census (City of Edmonton, 1983). The census file indicated
the number of persons residing at each household address in
the three study areas. A computer program was prepared to
combine the census information with the postal code
information,

The effect of this procedure was that a group of
individuals was simulated as originating from a single point
within the aggregation unit. Transit alternatives were
assigned to each aggregation unit as if each unit was one
individual and in the same manner as described for the
micro-level testing. The population of each unit was assumed
to originate at the centroid of its postal code range.

The TRAM program requires a representative transit trip
generation rate for each study area to combine with the
population of each aggregation unit to yield the number of
transit users in that AU. The source of the transit trip
generation rate used in this research was the Edmonton
Regional Travel Model (RTM). The RTM is a UTPS-based
traditional four-step transport planning model which the
City of Edmonton has maintained since 1981 to aid in
forecasting travel patterns for the morning peak period.
Every two to three years the RTM is recalibrated to reflect

updated travel survey data and to ensure that the model
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predictions adequately match screenline counts (City of
Edmonton, 1984). Each year the Regional Travel Model is
fine-tuned to match current screenline counts (City of
Edmonton, 1985).

The 1985 Regional Travel Model provides the population
and the number of work and post-secondary education transit
trips for any given traffic zone or district. The ratio of
the number of transit trips to the population is defined as
the transit trip generation rate. Generation rates were
calculated at both the zone and district levels, and the

results were virtually identical.

B. Catchment Area Prediction

The catchment-area (CA) model for prediction of the
number of boardings at stops aiong a transit route was
initially considered a simple model which is easily applied
but whose results would possibly be inferior to those of a
more complex model such as TRAM. Its purpose was to provide
a basis against which to compare the performance of the TRAM
model, and its use was necessary because adeqQuate
statistical techniques for comparison of discrete
distributions are unavailable.

The catchment area of a transit stop is defined as the
area within which all transit users are assumed to choose
that stop. The determination of the catchment area
boundaries was quite straightforward, based on

considerations of the stop which typical transit users would
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choose, with the minimization of walking distance as the
main criterion. Generally, boundaries parallel to and midway
between adjacent transit routes determine which route is
chosen; boundaries perpendicular to the route and midway
between the stops determine which stop along the route is
chosen. The catchment areas form a grid-like pattern which
effectively minimizes the walking distance to the transit
stop. For example, Figure 16 shows the system of catchment
areas defined for this research in a portion of the Beverly
study area.

Some catchment area boundaries vary from the grid-like
pattern due to complexities such as crescents and ravines.
In such instances, where circuitous walking patterns were
likely, a more detailed examination was necessary to
identify the logical boundary separating the catchments of
adjacent stops. The determination of the boundary was based
on the minimization of walking distance, and considered the
most-probable route choice of individual aggregation units.

In instances where more than one transit route served a
particular stop, a proportion of the catchment area
population was assigned to each route on the basis of the
travel times and service frequencies of the routes. This was
done somewhat arbitrarily. For example, if two routes with
similar travel times and frequencies serviced a stop, each
route was assigned a fifty percent share. If one route had a
significant advantage in terms of either attribute, it was

assigned a greater proportion.



89

o T:l [
__] | r!ua“_« "
"

AT AT EANEs 31[
i Tl [
T [_"_] ] :l [
| | n . _J[ Route
= f—'—"’" e = F:E- —E:F-_!'.-_-Et --.,g,:: 20
1 i UL
ATALRETR AR L
8 J UL 1l i
Sh—— —
» TV
i=ll fj _‘_— _ L __%g=__ _lIL__ Route
] --"T:- Tr’ —!r_* 1] 1 ot 18

—emam@=—=—= - transit stop

Figure 16 - Example catchment area in Beverly



S0

It is acknowledged that a more accurate treatment of
multiple-route stops could be developed. For instance,
intuition suggests that the catchment area of a stop served
by multiple routes would be larger than »therwise and would
intrude upon the regular catchment areas of neighboring
stops. However, it is uncertain how much larger it would be
and what proportion of the population of the expanded area
would find the trade-off between increased service frequency
and walking distance attractive. Such considerations were
ignored since the CA model was intended only to be a
comparitive tool.

A catchment area was determined for each stop along the
transit routes in the study areas. The resulting system of
catchment areas associated all population within the study
areas with a particular transit stop. The population of each
catchment area was multiplied by a transit trip generation
rate, yielding a prediction of the number of boardings at
each stop.

In order to ensure that the catchment area predictions
would be useful for purposes of comparison, the transit trip
generation rate for each study area was chosen such that the
predicted and observed numbers of passengers boarding routes
within the entire study area were equal. This trip
generation rate was not constrained to be the same as that

for the TRAM program usage.
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C. Method of Comparison

The method used to compzre the predictions and
observations of stop-by-stop transit boardings is outlined
as the results are presented in the next chapter. However,
two features of the method require additional explanation,
These are (a) the selection of a comparitive statistical

measure and (b) the application of moving averages.

Comparative Statistical Measures

The basic results of the macro-level testing consist of
two model predictions and one survey observation of the
number of boardings at each stop along a transit route, It
is most effective to present these results in graphical
form, with the three series of data points connected by
lines to produce three separate "distributions" on an
ordinal scale.’

The evaluation of graphical results is inherently
qualitative. In order to maintain objectivity, there is a
need to apply a quantitative measure of the degqree to vhich
distributions are similar. The determination of a
comparative statistical measure appropriate for such a
purpose has been addressed by others (Oxlad, 1978; Gipps,
1984), but no particular method has found widespread

acceptance.

*The paired t-test cannot be used to treat the data points
as successive independent events; this is because a
relationship between successive stops exists in that
individuals who choose a particular stop by definition do
not choose either adjacent stop.
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Initially, it was desired that the method quantify the
statistical significance of the similarity of the
distributions, Oxlad (1978) suggests that the standard
Kolmogorov-Smirnov two-sample test would be appropriate and
would provide such an indication, However, this method,
which is based on the maximum absolute difference between
two cumulative distributions, was rejected in this case
tecause of the insufficient number of data points in the
subject distributions,

An alternative method which is capable of identifying
the statistical significance between distributions is the
standard chi-squared (x2*) measure, which is defined as
follows:

N 2
e oo BT

where:

O; = Observed number of boardings at stop I,

Predicted number of boardings at stop i, and

i

P,
N = Number of stops.

However, the chi-squared statistic is used only to test the
null hypothesis that there is no difference between twé
distributions. As noted by Gipps, "when applied in the
transport context, the x° test often leads to the rejection
of models that (on a subjective basis) appear to fit the
data very well" (Gipps, 1984, p. 71). He suggests that,
since travel behaviour is so complex, a researcher does not

expect a model to match observed behaviour perfectly.
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In fact, when the clii~squared measure was calculated
for the research distributions, this problem indeed arose.
Despite the reasonably good appearance of the distributions,
the x° statistic indicated that in all cases there was a
large probability that the differences in the distributions
could not be attributed to chance alone. That is, the
differences were likely caused by "poor" model fit. Although
technically correct, this particular information was of
little use, |

It was felt, hcwever, that the chi-squared measure
might be valuable in quantifying the relative performance of
the two models. In fact, it was for this purpose that the
catchment-area model was used, in order to provide a basis
of comparison. It was expected that the TRAM model would
exhibit a lower x° when the two models were compared to the
observed distribution.

However, it was noted that the predicted value in the
denominator of x° is different for each of the two models.
Thus, a particular difference (O; - P;) contributes more to
the chi-squared statistic if the predicted value P; is less
than the observed value O; than if the reverse is true. This
leads to the illogical conclusion that a model over-
prediction is intrinsically superior to an under-prediction.
Furthermore, if one model under-predicts by, say, twice the
amount the other model under-predicts, the effect on the
chi-squared statistic is more than doubled since (a) the

difference between the two predictions is squared and (b)
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the numerator is divided by a lesser number.

A modification was made to address some of the problems
assbciated with the standard chi-squared statistic,
resulting in a "pseudo-chi-squared" (p-x°) statistic,

defined as follows:
(0, - p,)?
0.

1

™~z

-
"
—_

p-x* =

where the symbols are defined as previously described.

In this case, the comparison between the two models is
more equitable since the numerator is divided by the same
value for each model. However, a serious préblem exists when
the statistic is applied to cases where the observed values
are small, as illustrated in Table 6. Given that there were
two stops in the research survey at which zero boardings
were recorded, it is unacceptable to use a statistical
measure which is so great;y affected by low values of O,.

Another candidate measure was the standard

root-mean-squared (RMS) statistic, defined as follows:

RMS = / [35:1 (0, - )% / N
where the symbols are defined as previously described.

The RM$S statistic does not exhibit the problems of the
chi-squared measures since the denominator is the same for
each model and is generally of reasonable magnitude (i.e.
somewhat greater than two). The RMS value is intuitively

attractive since it attempts to represent the "typical"



OBSERVED VALUE EFFECT ON TERM
o(i) IN p-CHI-SQUARED
2 HALVED
1 UNCHANGED
0.5 DOUBLED
0 INFINITY
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Table 6 - Effect of small observed values on p-Chi-squared
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difference between observations and predictions over the
entire series of stops.

However, a disadvantage of the RMS value is that pairs
of data which differ by more than unity are weighted much
more heavily than those which differ by unity or less., While
this is not intuitively unacceptable, in the context of this
research there is no valid reason that a difference
(0; = P;) of two or three boardings should be weighted four
or nine times as heavily as a difference of one boarding.

The statistic which was developed and selected for this
research was a variation of RMS, labelled the "average
absolute difference" (4), and defined as follows:

A= IZ |(0; - P[]/ N
where the symbols are defined as previously described.

The A statistic uses absolute values to ensure that the
difference (O; - P;), whether positive or negative,
contributes to the statistic rather than simply cancelling
the effect of another difference of opposite sign.

The A value also approximates the average difference
between the number of boardings observed and predicted at
each stop. The major advantage of the statistic is its
simplicity. It has none of the disadvantages of the other
statistics considered.

Both RMS and A quantify the differences between the
boarding distributions in a convenient way. Neither measure
has any properties which indicate the statistical

significance of the similarity of the distributions. There
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were significant variations in the values of the two
statistics for the research distributions because of the
extra emphasis which the RMS measure places on large
deviations. In some cases, the two statistics gave
conflicting results regarding which predicted distribution
was better, because of the exaggerated treatment of large
discrepancies by RMS, However, for completeness both
statistical measures are included in the presentation of the

macro-level results,

Moving Averages

Figure 17 provides an example of a common situation in
the TRAM coding whereby, for a given transit route, the
"closest"” transit stop is not unique. This stop-allocation
coding dilemma is relevant in all study areas, whether the
street structure is grid-like or crescent-like. Assumptions
were required to determine the appropriate transit stop, and
it is apparent that such assumptions might lead to a
misallocation of transit patrons between adjacent stops. By
taking the moving average of the predicted boardings at
three adjacent transit stops, the impact of these potential
errors could be reduced.

Comparisons of predicted and observed distributions
were first made directly with the raw data. Moving averages
were then applied in two stages to smooth the data. First, a
moving average was applied to the stop-by-stop predictions

(of both models) in order to smooth potential errors due to
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the method used (for the TRAM program) to code adjacent
transit stops. This is also consistent with practical use of
the model since, if it yields superior results, it is a
process which could be easily incorporated to the TRAM
program.

Second, the moving average of the survey observations
was compared to the moving averages of the model
predictions., It is acknowledged that it is impractical to
compare moving-averaged survey observations because even if
the procedure produced identical results it would require
that a practical user somehow "work backwards" to determine
non-averaged stop-by-stop boardings. However, the comparison
was helpful in examining the overall trends of the predicted
and observed distributions; this, in turn, provided an
indication of how well the models depict the human behaviour

underlying transit route/stop choice.



X. Macro-Level Testing (Results)
This chapter presents the results of testing TRAM at the
macroscopic level, The following three aspects of the
research observations and predictions are examined for each
study area: (a) the total number of transit boardings
produced in the study area, (b) the proportion of the total
number of boardings attributed to each transit route serving
the study area, and (c) the stop-by-stop distribution of
boardings on each transit route serving the study area.

The first aspect of comparison is between the number of
transit boardings expected from the Regicnal Travel Model
generation rate and the number observed in the research
survey. The catchment area predictions are not involved in
this comparison.

The second aspect of comparison is the proportioning of
the total number of boardings among the transit routes
serving each study area. This comparison allows an overall
assessment of the model performances with respect to the
attraction of alternative routes.

The third aspect of comparison is a detailed
examination of the distribution of the number of boardings
at each stop along the transit routes., In addition to
comparisons of the raw predictions, moving averages are used
to smooth the distributions. Qualitative assessments are
made of the similarities and differences in the trends of
the curves, including cross-comparisons of the performance

of catchment-area predictions and TRAM predictions.
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Quantitative evaluation of the performance of the
predictions is accomplished using two statistical measures
of goodness of fit.

Details of these comparisons for the three study areas

are provided in the following sections.

A, Transit Trip Generation Predictions

At the current stage of the development of TRAM, the
transit trip generation rate is used as a scalar factor to
determine the number of transit trips generated by each
aggregation unit. The transit trip generation rate is
‘limited to work trips by transit to the downtown in the
morning peak period.

Transit trip generation is a multiplicative combination
of trip generation and mode split. Therefore, the transit
trip generation rate is affected by the factors which
influence trip generatior (e.g. employment levels,
population age distributioné, individual incomes) and mode
split (e.g. transit captivity, convenience of transit,
individual incomes). Although both the propensity to travel
and the likelihood of choosing to use transit vary across
individuals and households, average values are generally
applied at the level of traffic zones or districts. The
determination of trip generation and mode split is a
discipline in itself, the advancement of which is not an

objective of this research.
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The initial runs of the TRAM model used transit trip
generation rates derived from the Regional Travel Model. To
ensure that the other two comparisons would be meaningful,
in each case a second run of the TRAM program was executed
with a transit trip generation rate adjusted such that the
predicted total for the study area matched the observed
total, Table 7 shows the proportion of the initial and
adjusted transit trip generation rates for the three study
areas. In all three instances, the observed generation of
transit trips was considerably less than that anticipated on
the basis of the RTM, the proportions ranging from 24% to
31%.

The remainder of this section discusses factors
relating to the survey observations and the Regional Travel
Model which may have contributed to the significant
discrepancy revealed by the comparison. Each of the factors
tends either to decrease the number of boardings observed in
the research survey or increase the number predicted by the
RTM generation rate, and contributes to the observed
discrepancy.

Data from continuous automatic traffic counters (City
of Edmonton, 1988b) indicate that morning peak CBD traffic
volumes in August are approximately ten percent less than
the annual average. It is reasonable to assume a similar
pattern in transit ridership. This would tend to depress the
number of transit boardings observed in the TRAM Validation

Survey, which took place in the month of August.
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BEVERLY CAPILANO CLAREVIEW
Population 17 700 9 400 5 400
(A) TTGR, based on
Edmonton RTM 0.040 0.054 0.096
(trips/person/2h)
(B) TTGR, based on
survey totals 0.012 0.017 0.023
(trips/person/2h)
Proportion 30% 31% 24%
(B)/(a) * 100%

Note: TTIGR = transit trip generation rate

Table 7 - Comparison of transit trip generation rates
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"Secondary” transit routes in the study areas were not
surveyed because it was assumed that the number of boardings
on those routes would be negligible. If the number of such
boardings was in fact significant, it would contribute to an
under-estimation of the number of transit trips generated.
Based on TRAM predictions, it is believed that this factor
would be most significant in the Clareview study area,
moderately so in the Beverly study area, and marginally so
in the Capilano study area.

Of the passengers who boarded the surveyed transit
routes, 95% were successfully interviewed. However, a
proportion of the remaining five percent would presumably
have been travelling to work in the CBD. This factor would
have artificially decreased the observed number of transit
boardings by approximately three percent.

The TRAM survey and predictions were based on a
two-hour morning peak period. The RTM is based on one hour
which would represent the peak hour of the peak period, as
opposed to simply one-half of a uniform peak period.
Therefore, the factor of two used to "convert" the RTM trip
rate for use with TRAM would lead to artificially high
boarding expectations,

The RTM is calibrated by adjusting trip generation,
trip distribution, mode split, and trip assignment to obtain
modelled flows across major screenlines that are within ten
percent of observed flows. As such, the products of the RTM

are at a significantly coarser level than individual
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neighborhoods and transit routes, For example, the final
calibrated RTM yielded flows across the CBD screenline which
were 3,7% greater than the observed flows (City of Edmonton,
1985). The transit mode split values used to generate the
transit flows were themscives rounded to the nearest five
percent. Discussions with Transportation Department staff
indicated that "hidden" within the LRT ridership screenline
counts is an over-prediction of trips from Clareview and
under-prediction of trips from neighboring Londonderry.
These factors would all contribute to the discrepancies in
the results of Table 7.

As noted previously, the RTM undergoes an annual
process of updating and revision in an effort to improve the
similarity of observed and predicted flows. Comparison of
the 1985 revalidated trip tables to those of subsequent
years shows that the total trip generation in Clareview has
been adjusted downward since 1985. This would suggest that
the 1985 values, which were used for this research, were
excessive,

Although the discrepancies in the trip generation rates
are considerable, it is emphasized that the selection of a
transit trip generation rate is merely a scalar factor which
can be adjusted as required to match observed flows. It does
not affect the calculations involved with the determination

of utilities, choice-probabilities, or composite utilities.
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B. Route Proportion Predictions

This aspect of comparison provides an overall
assessment of the performance of the TRAM model and the
catchment area model relative to the survey observations, It
provides an indication of whether or not the models
successfully appcrtioned the appropriate level of boardings
to each of the surveyed routes,

Recall from Chapter VIII that each of the study areas
was serviced by one or more secondary transit routes which
were considered much less important than the routes which
were surveyed. Although the existence of the secondary
routes was easily facilitated in the TRAM modelling, the CA
model predictions were based on arbitrary estimates of the
probable usage of the additional routes. The actual number
of boardings on these routes was not recorded, so that
validation of the predictions of either model in this regard
is not possible. It is important to note that the total
number of boardings upon which the follpwing proportioﬁs are
based does not include the secondary rﬁutes, so that their
influence is not accounted for in the comparison. Since
there is an unknown factor involved, the level\of detail of
this comparison is limited.

Figure 18 presents a bar graphvof the proportions of
total transit boardings associated with each primary transit
route in the Beverly study area, for the survey observations
and both models.'® The graph indicates that the model

- —— > > . - —— - —— -

'°Note that the total number of boardings is slightly
different in each case because of rourding of the trip
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predictions are within the same range as the survey
observations, However, the second bar shows that the TRAM
model slightly over-predicts the proportion of boardings
attributed to Route #18 and under-predicts the proportions
attributed to Routes #20 and #28. The third bar shows that
the catchment-area model under-predicts the Route #18
proportion and over-predicts the Route #20 and #28
proportions.

Recalling the structure of the transit routes in the
Beverly study area (see Figure 19), it is noted that
Route #18 provides direct, straight-line service from
Abbotsfield Transit Centre to the Coliseum L.R.T. Station at
a ten-minute freqguency. Routes #20 and #28 are similar (and
distinctly different from Route #18) in that they deviate
from 118 Avenue, looping through North and South Beverly,
respectively, at a twelve-minute frequercy. Route #18 has a
distinct travel-time advantage east of the region where the
routes begin to converge (approximately 50 Street),

As an example of the influence of this transit route
structure, consider transit patrons situated near Point "A"
in Figure 19, It is intuitive that some of these transit
patrons may choose Route #18 instead of Route #20, even
though it is slightly further away, because its relative
advantages of travel time and frequency offset the extra

walking distance.

t°(cont’d) generation rates.
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50 Street Abbotsfield T.C.
Travel times: Travel times:
Rte 18 - 18' Rte 18 - 25
20 - 2¢C' 20 - 29'
28 - 19' 28 - 31"
RTE 20
-
d A
-+
118 AVE RTE 18 d 0
— et !
To CBD via b
Coliseum LRT @
a RTE 28

Service frequencies:

Rte 18 - 10'
20 - 12°
28 - 12°

Figure 19 - Service frequencies & travel times
to CBD from Beverly
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Figure 18 indicates that the TRAM model provides a
better representation of the interaction of the routes since
it accounts for differences in travel time and service
frequency, whereas the CA model does not. In terms of
catchment-area, it appears that the true catchment-area of
Route #18 is larger than that which results from the
criterion of walking distance minimization used by the CA
model, and that the TRAM model effectively expands the
catchment-area of Route #18{ (In fact, the proportion is a
bit too large, which suggests there may be error present in
the TRAM model calibration.)

Figures 20 and 21 present bar graphs of route
proportions for the Capilano and Clareview study areas,
respectively. In both cases, the proportions of both model
predictions are similar to those of the survey observations.

Recalling the structure of the transit routes in the
Capilano and Clareview study areas, it is noted that the
structure is quite different from that of the Beverly study
area. Whereas the transit routes in Beverly run parallel to
one another and effectively compete for patronage, the
transit routes in Capilano and Clareview have a more obvious
"area of influence"™ and do not exhibit the same tendency to
ccmpete for ridership.

As shown in Figure 22, the Capilano study area is
broken into quadrants by two arterial roads: 50 Street and
106 Avenue. Either Route #50 or #51 (but only one of them)

services each quadrant directly. Otherwise, the routes



111

s 31y R\ 0s 3 7]
JNGHHEIIVD vl G3ANM3S80
[ 1 1
Va4 77 - 0
L W\.\ \\\\ AIIEA A A o
\\\ \\ \\ \\\\\\.\ P \\\\ \\\\\ .\\\ P \\k % \\\\\\ \\\\. \\ \
\\\\\\U\ oy oo \..X\\ e \\\\\ S \\I 0z
ISP ISP IIL SIS NI I I SIS s o
S S S S oo \\ / A o
Q\\\\ ,\\\\ \.\\\\.\ ) \ \\ \.\.\‘ \ \\\
/ \\ \..\H\\\ \\\\ i LS .

ONVIIdVO — SNOILYOdO¥d J1N0Y LISNVL

SONIQYYOSE 40 MIANNN

Figure 20 - Transit route proportions in Capilano



112

INSRHOIVO

OISR

>

7
S

/

.
4

/

vl

'/

MIINFHVIO — SNOILHOdOdd 31N0Y LISNVL

/ol
) og
A W ot
—~ OF
- 0

/[Oh
- 08

— 001
~ 0L
- 0¢1
- OC1
—~ Obl
~ 061
—~ 091
~ OLL
~ 081
~ 061

002

SONIQAYOEA 40 UIEANNN

Figure 21 ~ Transit route proportions in Clareview



1
]
Il
i
1
]
]
]
]
}
50 '
[,
»
©
n
108 AVE
Travel times:
- RTE 506.,\\ 5l Rte 50 - 21'
51 - 21!
To C?g6 A Travel times:
via ve Rte 50 - 14'
51 - 19"
ARTE 50
RTE 5l
A
B RTE 5i C>.-.Travel times:
- - \
To CBD Rte 2(1) i 52.
via 101 Ave

Service frequencies:

Rte 50 ~ 15°'
51 - 15!

FigureA22 - Service frequencies & travel times
to CBD from Capilano

113



114

remain on the arterials, travelling the shortest path to
begin serving a quadrant. Since thé two routes are similar
in terms of travel time and service fregquency, the closest
route is generally the obvious "best" choice. The lack of
variability in factors other than walking distance yields
model predictions which are nearly identical.

Figure 23 shows that the Clareview study area is
bisected into a north half and a south half by an arterial
road (144 Avenue). Rcute #72 is the only transit route which
provides direct service in the north half of the study area.
Route #74 is one of three routes serving the south half, all
of which travel on a large loop through the surrounding
region. However, Route #74 is superior to the others in
terms of travel time because the study area is located near
the end of its loop and it is at the beginning of the loops
for the other routes. Thus, in both halves of the Clareview
study area, there is effectively only one obvious "best"
transit alternative,

To summarize the situation for Capilano and Clareview,
since there is little competition among the routes in either
study area, it is generally quite obvious which route is
chosen by a particular individual or aggregation unit.
Therefore, it is not surprising that both models do a good
job of proportioning boardings among the routes and that the
catchment-area model performs at least as well as the TRAM

model.
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L 144 AVE
Travel times:
RTE74 Rte 72 - 28’
74 - 257

Travel times:
Rte 74 - 23"
79/179 - 32'

To CBD via
short loop to
Clareview LRT

Service frequencies:
Rte 72 - 15'
74 - 10" To CBD via
long loop to
Clareview LRT

Figure 23 - Service frequencies & travel times
to CBD from Clareview
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C. Stop-By-Stop Transit Boardings

This section compares the number of transit boardings
observed in the survey to the numbers predicted by the two
models on a stop-by-stop basis along the transit routes in
the study areas. Figure 24 depicts the hierarchy of the
organization of the results as described in the three
subsequent sections., This research was carried out in three
study areas, encompassing a total of seven transit routes.
For each route there are three graphs, each of which depicts
three distributions (survey observations, TRAM predictiéns,
and CA predictions). The first graph, labelled "(a)",
presents raw observations versus raw predictions; the second
graph, labelled "(b)", presents raw observations versus
moving-averaged predictions; the third graph, labelled
"(c)", presents moving-averaged observations versus
moving-averaged predictions. In the following sections,
these graphs are referred to as "raw", "partially-smoothed",
and "fully-smoothed", respectively. Furthermore, each graph
shows the root-mean-squared (RMS) value and the average
absolute difference (A) value for the differences between
each model and the survey observations.

It is noted that to allow the most objective assessment
all of the graphs would be of the same scale, even if they
were hard to read and interpret as a result. However, the
graphs are included to allow visual evaluation, whereas the
purpose of the statistical measures is to provide an

objective perspective. Therefore, the graphs are presented
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BEVERLY CAPILANO CLAREVIEW
18 20 28 50 51 72 74
RAW OBSERVED RAW OBSERVED MOVING AVG OBSERVED
RAW EXPECTED ) MOVING AVG EXPECTED MOVING AVG EXPECTED
-
NS — ——
(a) raw (b) partially smoothed (c) fully amoothed
o
RMS A
TRAM
CA

Figure 24 = Organization of stop-~bv-stop results
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at scales which are convenient and easily viewed,

In fact, all the graphs are of acceptable appearance
when presented on a vertical scale with a maximum value of
20 boardings. With respect to the horizontal axis, the
graphs are presented with the number of stops varying from 7
to 22 along a constant distance of approximately 18cm,''
Fortunately, most of the variation in "number of stops per
route” is among study areas, and the routes within each
study area are similar. In each case, the stops are shown on
the graphs as if they were spaced equally and linearly even
though neither is true in reality. These factors should be
kept in mind when comparing results from one study area to

another.

Beverly Study Area

Figures 25(a) to 25(c) present the raw,
partially-smoothed, and fully-smoothed results for Route #18
in the Beverly study area. Similarly, Figures 26(a-c) and
27(a-c) present the results for Routes #20 and #28,

respectively.

Route #18

The results shown in Figures 25(a-c) do not represent
the most favourable performance of either the TRAM model or
the CA model. The raw results (Figure 25-a) show that

neither model is very similar in shape to the observed

- e o — - - e - — v ——

''Stop numbers commence at the furthest point from the CBD
and increase as the route travels toward the CBD.



119

16°¢

€0°¢

16°¢

(1) O ¥

WY

VD a3303dxa |Avlll
WV¥L 03103dX3 ————
03A¥ASE0 —f }—

- 91
~ 61

Cl0'=¥91 — VIV MVY — g1 31NO¥

o

SONIQHYOHE J0 MIBNNN

Figure 25(a) - Route 18 raw results



120

el

i

1

61°¢

o

c9°1

88°¢

WYL

(5

- £1

- 81

ND dXZ DAV ONIAOW |¢1|

KVEI dXd DAV ONIAOH ——f——
aaauaseo — }—

A}
- 81
~ 61

¢l0'=401 — dX3 9AV AON — 81 IINOH

SONIQNHVOE@ 40 M3INENN

Figure 25(b) - Route 18 partially smoothed results



121

cl

(33

L LA

91

YO

ST°1

Bs°1

WL

-~

Sk

- 01
1
~ 2l
- €1
- ¥1
- g1
]

L3
VO dxa 9av oniaor. —(—— ol
e
WYL dX3 DAV ONIAOW ——f——

pram
et
G3AYASEO DAV ONIAOK —{ }—

Cl0'=d9l — dX3

L4 14

® SHO DAV AOW — 81 31N0Y

SONIGNYOE8 40 HIANNN

Figure 25(c) - Route 18 fully smoothed results



BENN QLS

6l 81 LI SI Si #1L €1 21 11 CL € 8
£ __ & 8§ 8 3 3 x & 3 1

(2]
o
—

- N
0
)
-
)
(]

09'1 ] s8°1 v3 VO Q3ld3adxa IAYII L
-
tet | vrcz | weua HVH1 G3103dxXa ———— s

aznyssao0 — }—

j<
Z

¢1l0'=d01l — ViIvd mvd — 0¢ 31Nn0oyd

SONIQHVOE 40 MIBNNN
Figure 26(a) - Route 20 raw results



123

6f 8t

ZL 91 6L

¥L €L 21 11 O € 8 L 9 € % ¢© T
| B N U SN W U NN SR SN GNNNS R I |

oe°1

16°1

€1

60°¢c

WL

Sk

VD dxa oAV SNIAON —()——
WYL dX3 DAV ONIAOW ——f——
azauzsao —f }—

~ 81
- 61

ClO0'=d0l — dX3 9AY AOW — 0Z 31NOY

SONIQHVYO@E 40 HIBNNN

Figure 26(b) - Route 20 partially smoothed results



124

8 4

St si

UIENNN S0LS
i¢ Ol 6

- N
o~
-

98°0

s5¢°

T

vo

98°0

14

T

BYuL

A4

Sk

— 23

VO daxa 9av ONIAOW —()—— £

— 21
WV¥L dX3 DAV ONIAOK —}——
_ — 81
G3AYASEO DAV ONIAOW —f J—o

(174

Cl0'=¥91l — dX3 % S80 9AV AON — 0Z 3LNOY

SONIQHYOB8 40 MIBNNN

Figure 26(c) - Route 20 fully smoothed results



125

B

G Iz 0z 6L Bl LI SLSLY CLZLLLOL B @ L © € €
11

UIENNN cOUS

| | H 1 1 1 1 3 ] ] 1 1

-
¢

[

X3

oy 1

T11°2

Y2 VO Q3Ld3adxa |AVI|

1 O §

£S°1

— AVl Q3zdaaxa ——f——

j<

Shy

aaayasao —{ }—

Cl0'=d9l — Viva mvy — 82 31N0O¥

SONIGHYOR 40 MIABNNN

Figure 27(a) -~ Route 28 raw results



126

Sl LI S SI

1

1

SEBENNN QOIS
L €L 21 i1 Gl €6 §

|

|

i

09°1

19°¢

o

st

] 4

.42\

- 924

Y0 axa oAV oNIAOW —()——

HVYML dXd DAV ONIAOW ——f—

aaauasao —{ }—

¢l0'=d91l — dX3 9AV AON — 8¢ 31N0d

SONIQNVYOE 40 MIENNN

Figure 27(b) - Route 28 partially smoothed results



127

SIENNN S0US

NN—NONm—m-h-mwmwvwn-N—:c-mmbwm‘vn
[ NN W U NN N U VNN TN T T NN U NN NN SN SN S N

t8°0 | ezt | w ¥D dxa OAV ONIAOH —()—— £
~ 81
19°0 | €870 | wvuz HV¥L dX3 DAY ONIAOH ——f——

- 8i
A4 Sy G3AYISHO DAY ONIAOK —{ }—— 0z

Cl0’=d9l — dX3 ® S80 9AV AOWN — 8Z ILNOY

SONIQYYO0E 40 HIANNN

Figure 27(c) - Route 28 fully smoothed results



128

distribution. The TRAM model appears to be more variable,
suggesting that it is more sensitive to factors which affect
transit route/stop choice; the CA distribution is somewhat
flat and does not seem to capture stop-by-stop variations.
However, the comparative statistics indicate that in
guantitative terms the performances of the two models are
nearly identical.

The raw results exhibit the general TRAM
over-prediction and CA under-prediction (of Route #18 versus
Routes #20 and #28) which was observed in the route
proportion comparisons., Further, it is noted that neither
TRAM nor the CA model are successful in predicting the
number of boardings at Stop #1 (Abbotsfield Transit Centre).

The partially-smoothed results (Figure 25-b) appear no
more impressive than the raw results. However, they are
superior quantitatively because the influence of the poor
model performances at Stop #1 are excluded. Note that while
the RMS measure indicates that the catchment-area model is
performing better, the A measure indicates the opposite.
This illustrates a phenomenon whereby the influence of one
large error (the TRAM prediction differs significantly from
the observed value at Stop #1) is squared, and thus
excessively magnified without justification.

The fully-smoothed results (Figure 25-c) exhibit a
similarity in the downward trend of the observations and
TRAM predictions along the route. The TRAM results appear to

be superior to the predictions of the CA model, which are
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flatter and less responsive. The quanitative measures

support this observation, but are not conclusive.

Route #20

The salient feature of the results shown in Figures
26(a-c) is the similarity of the predictions of the two
models. In fact, there is a greater similarity between the
models themselves than with the observed distribution of
boardings.

The raw results (Figure 26-a) show that, in this case,
the distribution of observed boardings is more variable than
the models. Neither model matches the observed curve
completely. However, in quantitative terms both models
perform better than they did for Route #18. Again, the
boardings at Abbotsfield Transit Centre (Stop #1) are
under-predicted and there is no compensatory over-prediction
of boardings at subsequent stops.

The partially-smoothed and fully-smoothed results
(Figures 26-b, 26-c) emphasize the similarity between the
distributions predicted by the two models. By taking the
moving average of the predicted distributions, the observed
distribution appears even more variable in comparison. The
fully-smoothed results exhibit good similarity of trend

between predicted and observed distributions.

Route #28

The results shown in Figures 27(a-c) are among the best

of the research in terms of similarity between predictions
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and observations. The TRAM predictions are superior to CA
predictions according to both quantitative measures,

The raw results, shown in Figure 27(a), exhibit
remarkable similarity in the predicted and observed
distributions. In particular, the models correctly predicted
two sharp peaks at Stops #5 and #9. According to the
guantitative measures, the overall performance of the TRAM
model is superior to that of the catchment-area model; this
superiority is particularly evident toward the latter half
of the route. However, similar to the other results in the
Beverly study area, both models under-predict the number of
boardings of Route #28 at Abbotsfield Transit Centre
(stop #1).

Partial smoothing of the results (Figure 27-b) detracts
from the excellent fit exhibited by the raw results. The
similarities of the distributions are decreased, both in
qualitative and quantitative terms.

The fully smoothed results (Figure 27-c) exhibit an
excellent fit by both models, with TRAM performing better
statistically. However, it is noted that the smoothing of
the results does not add any new dimension to the results,

and the benefits of the smoothing are minimal.

Capilano Study Area
Figures 28(a) to 28(c) present the raw,
partially-smoothed, and fully-smoothed results for Route #50

in the Capilano study area. Similarly, Figures 29(a-c)
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present the results for Route #51.

Route #50

The results shown in Figures 28(a-c) exhibit some
agreement between the performance of the models and the
observations, with much similarity between the two models
themselves.

The raw results (Figure 28-a) show that the TRAM
distribution and the CA distribution are quite similar. Both
distributions follow the trend of the observed distribution
fairly well in terms of general increasing and decreasing
tendencies,

The partially-smoothed results (Figure 28-b) do not
exhibit as much agreement between observed and predicted
distributions, since the distributions were already
reasonably similar without smoothing. Even though the
distributions appear worse, they are better in quantitative
terms because the influence the endpoints (where there were
relatively large discrepancies) are excluded.

The fully-smoothed results (Figure 28-c) emphasize the
similarity of the TRAM and CA predictions. Nonetheless, both
models follow the general trend of the observed pattern of
boardings, decreasing up to Stop #5 and increasing
thereafter.

A peculiarity is noted in the raw results for Route #50
(Figure 28-a). It can be seen that the observed number of
boardings at the final two stops is fourteen and zero,

respectively, whereas the TRAM model predicts seven and
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seven, respectively. The observed number of boardings
appeared so unusual that the two stops were monitored during
a supplementary morning peak to confirm the behaviour,

It appears that TRAM correctly generates the total
number of boardings for the pair of stops, but distributes
them evenly to uphold the logic of the choice of the closest
stop (refer to Figure 30). In fact, moét transit users were
observed to walk from west to east past Stop #14 to board at
Stop #13. Although there is a shelter at Stop #13, the
weather conditions were not inclement during either period
of observation and people were not making particular use of
the shelter. The reason for this seemingly peculiar

behaviour remains unknown,

Route #51

The distributions of observations and predictions are
fairly similar for the raw results (Figure 29-a). Again, the
models are very similar to each other, but the quantitative
measures reveal that the performance of the CA model is
better than that of the TRAM model. All three distributions
exhibit localized variability while following a broader
"increasing - decreasing - increasing" pattern.

The partially-smoothed results (Figure 29-b) are not
helpful in comparing the distributions since the three
distributions were reasonably similar before smoothing.

The fully-smoothed results (Figure 29-c) clearly show
the similarity of the three distributions, especially beyond

Stop #5. The gquantitative measures show that the simple CA
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model outperforms TRAM in the treatment of Route #51.

Clareview Study Area

Figures 31{a) to 31{c) present the raw,
partially-smoothed, and fully-smoothed results for Route #72
in the Clareview study area. Similarly, Figures 32(a-c)
present the results for Route #74.

Due to the small number of bus stops involved in the
Clareview study area, it is somewhat difficult to draw
meaningful conclusions. One must avoid the tendency to
over-analyze variations in a seven-stop distribution which
would appear less significant if the seven stops were merely

a portion of a twenty-stop distribution.

Route #72

The results shown in Figures 31(a-c) exhibit some
similarity between the performance of the models and the
observations. However, as with some of the other routes,
there appears to be at least an equal degree of similarity
between the predictions of the two models themselves as
between the predictions and the observations. The
fully-smoothed results indicate that the general trend is
slightly better represented by the CA model. Quantitatively,
the CA predictions are superior to the TRAM predictions in

two of three cases.
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Route #74

The raw results (Figure 32-a) initially appear to be
three quite variable and relatively dissimilar
distributions. However, the appearance of the TRAM results
is superior to the CA results; in qQuantitative terms the
results are reasonably good, with TRAM providing superior
nredictions. The two models appear to vary in different
patterns rather than simply mirroring each other as they did
for other study routes; however, this phenomenon did occur
for other study areas, but it was less apparent because
there were more stops comprising the routes.

The partial-smoothing shown in Figure 32(b) is an
improvement upon the raw results, but presents only a
limited number of data points upon which to draw
conclusions., In this case, the CA model is qQuantitatively
superior to TRAM.

In Figure 32(c), with fully-smoothed results, both
models do a good job of prediction. Again, the CA model is

superior in quantitative terms.



X1. Macro-Level Testing (Analysis)
The results of the macro-level testing are generally less
favourable than those of the micro-level testing. The
performance of the TRAM model relative to the catchment area
model was not as good as expected. This chapter adresses in
more detail six issues arising from the macro-level testing,

(1) The raw results for Route #18 (Figure 25-a) show
that both the TRAM model and CA model underpredict the
Abbotsfield Transit Centre (Stop #1) and overpredict the
subsequent stop. In fact, the number of boardings at the
Abbotsfield Transit Centre was underpredicted for all three
routes in Beverly. Although not specifically monitored,
park-and-ride, kiss-and-ride, and transfer trips did not
appear to contribute to the total number of boardings. This
suggests that there may be a particular attraction
associated with transit centres,

The attraction might reflect the fact that several
routes usually converge at transit centres, often
incorporating a layover which allows patrons to wait while
sitting on the bus rather than standing at the bus stop. A
future calibration of the utility function for the transit
choice behaviour model should include a dummy variable
specific to whether or not the stop is also a transit
centre. Noteably, no such adjustment can be attempted for
the CA model.

(2) Beyond the under-prediction of the transit centre,

the raw results of Route #20 (Figure 26-a) indicate that

148
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both models tend to under-predict the entire medium-density
area (from Stop #1 to Stop #5) and overpredict the
low-density area (beyond Stop #5). This tendency also exists
for the other Beverly routes, but is less pronounced. Using
the rationale that the residents of the medium-density area
are generally less-affluent and are less likely to own a
private automobile, it was thought that they might exhibit a
greater propensity to use transit. Test runs of both models
were performed with the transit trip generation rate for the
medium-density area increased by up to twenty petcent and
the transit trip generatinn rate for the low-density area
adjusted to maintain the same total number of boardings. The
results of the test with a twenty percent adjustment are
shown in Figures 33(a-c) to 35(a-c), which correspond
directly to Figures 25(a-c) to 27(a-c).It can be seen that
the change in the results is minimal, and neither model is
affected in a consistent manner. The original runs of the
model which used only one transit trip generation rate
appear to be of equal value.

Increases greater than twenty percent were not tested,
since the rate of change was so slow that the imbalance in
the trip generation rates between the two densities would
have become unreasonable before any significant improvement
occurred.

(3) The raw results of Route 20 (Figure 26-a) also
exhibit a phenomenon which proSably, but un-verifiably,

occurs elsewhere in the study results: at Stop #9, the
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survey observations increase abruptly with no corresponding
movement in either of the model predictions., Although this
may simply be a random fluctuation, it appears that there
may be a significant unknown factor which exists in reality
but is not reflected by the models. One way to address this
problem would be to add further variables to the TRAM
utility function., This would be possible if the unknown
factor was tangible, such as the existence of a convenient
fence on which to lean or a protective shelter in which to
wait. However, this approach is not feasible if the unknown
factor is not readily identifiable and is perhaps something
more obscure such as a vicious dog which diverts people from
an adjacent stop.

(4) An overall examination of the raw results reveals
that, in most cases, the two predicted distributions fall
approximately within an "envelope" about the observed
distribution. It is suggested that this degree of fit may be
sufficient for many purposes. Two good examples of the
envelope concept are Figures 28(a) and 31(a), which show the
raw results of Routes #50 and #72. In both cases, although
the quantitative assessment indicates only a fair fit, it
can be seen that all three distributions exhibit increasing
and decreasing trends at roughly the same location and of
roughly the same magnitude.

Envelopes of plus-or-minus various percentages were
simulated numerically in order to determine the proportion

of the observed boarding values that would fall within the
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specified envelope. The results of this analysis are shown
in Table 8., It can be seen that, for these particular
graphs, a vertical envelope of plus-or-minus forty percent
is necessary to encompass more than half of the observed
data points. However, this particular method of simulation
represents a strict vertical envelope, as shown in

Figure 36(a). More difficult to simulate numerically, but
quite easy to visualize, is a perpendicular envelope as
shown in Figure 36(b). It is this type of envelope which
would appear to be appropriate for the research data.

(5) The results of the model predictions can also be
represented in a cumulative format. This would be a
practical idea since it could be combined with a simple
model of alighting behaviour, deducting a certain number of
riders at schools, shopping malls, etc., to produce bona
fide route profiles. For example, Figure 37 is efuivalent to
the Route #18 raw results shown in Figure 25-a (except that
the catchment-area predictions are excluded for
simplicity).'?

It can be seen that the differences between the
observed distribution and the distribution predicted by TRAM
appear to be much less significant than in the basic
distribution. In practical terms, the results shown in
Figure 37 would adequately determine the maximum load point
and should yield the correct decision regarding the number
of buses required to service the demand.

‘21t should be noted that the raw results for Route 18 were
among the poorer results of the TRAM predictions.
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VERTICAL PROPORTION OF
ENVELOPE OBSERVED VALUES
(+/~ x PERCENT) WITHIN(??VELOPE
10 13
15 19
20 26
25 38
30 43
40 54
50 68

NOTE: Total number of
observed values = 90

Table 8 - Numerical simulation of vertical envelopes



(a) Vertical envelope

(b) Perpendicular envelope

Figure 36 - Vertical and perpendicular envelopes
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(6) A general evaluation of the merits of the smoothing
provided by moving averages indicates that the basic
raw-result graphs (labelled "a" in the figures) are most
appropriate. In many cases, partial smoothing (application
of moving averages to the model predictions only) detracted
from favourable model performances by altering the predicted
boarding distributions while leaving the observed
distribution unchanged. Although by definition full
smoothing (application of moving averages to both
predictions and observations) results in greater similarity
between boarding distributions, the difficulty of converting
averaged boardings to individual stop-by-stop boardings
makes full smoothing impractical.

Additionally, since this research constrained the total
number of transit boardings to be equal, the results of full
smoothing are ore step toward the extreme of the concept
whereby the result is three flat and nearly-identical
boarding distributions. The stop-by-stop results for Routes
#7< and #74 (Figures 21! and 32) illustrate this tendency,
wherein the variability of the raw results contrasts with

the similarity and flatness of the fully smoothed results.



XIl, Discussion
This chapter presents discussion of some observations which
can be drawn from the results of the testing, and discusses
the assessment of transit service quality using TRAM,

Overall, the research indicates that the TRAM model
provides a reasonably good representation of the behaviour
of a particular transit market segment, specifically morning
downtown transit commuters., However, the research survey
also showed that other market segments (such as non-CBD
workers and schoolchildren) contribute significantly to the
total transit ridership in the morning peak. This is an
important fact which should be recognized if TRAM is applied
in a practical situation.

An observation arising from the application of the TRAM
and catchment area models is that a good knowledge is
required of the neighborhood in which the models are being
applied. Freguent assumptions regarding probable
walking-distance short-cuts and reasonable transit
alternatives are required both for input to the TRAM program
and construction of the catchment-area boundaries.

The research showed that the catchment-area model also
provides a reasonable representation of transit commuter
patterns. In general, the selected study areas and routes
were quite simply structured. In all cases, the number of
transfers was identical and the route frequencies were
identical or very similar. The travel times of the various

alternatives were usually similar. Thus, the primary source
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of variability in a choice set of transit alternatives was
the walking distance. Since the CA model (by definition)
minimizes the walking distance without consideration of
other factors, it is not surprising that its performance is
roughly equivalent to that of the TRAM model.

The lack of variability among the alternatives in the
study areas is, in retrospect, a fault of the design of the
research. Nonetheless, the TRAM predictions presented in
this research are considered test cases for application of
the model and the program. It is left to a subsequent
researcher to test the TRAM model in a manner which better
exercises its strengths and demonstrates ‘its hypothesized
capabilities to model more complex situations, particularly
those where the input variables of the CA model do not
address the differences among the alternatives,

As noted, possibly the most influential factor in
explaining the performance of the TRAM model is that it was
not applied to a situation complex enough to demonstrate its
hypothesized superiority. However, a further contributing
factor may have been that the TRAM model was calibrated from
the revealed preferences of a total of 121 individuals.
Research (Koppelman and Chu, 1983) has indicated that this
amount of data may not have been sufficient to produce
reliable predictions.

The original calibrated TRAM model incorporated the
variable of destination-end walking distance. However, to

determine a representative destination-end walking distance
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for an entire AU would require knowledge of each member's
work location; this is information which would not be
readily available. For testing purposes it was assumed that
destination-end walking distance is randomly distributed and
therefore on average could be assumed to be the same for all
aggregation units and excluded from the TRAM program and
subseguent data collection. The sensitivity of the model
results to this assumption is not known and is left for
future research.

Notwithstanding the similarity of the macro-level
results of the TRAM and CA models, the favourable results of
the micro-level application of TRAM are indicative that the
"behavioral" aspect of the TRAM model is sound. Thus,
although the research indicates that the CA model adequately
represents patterns of transit boardings, only the Quality
of Service Index of the TRAM model can be used to determine
and maximize the transit service quality perceived by
transit users. This capability to assess which of two
transit network scenarios is "better" is important in the
context of practical transit planning issue¢s involving rocute
alterations in existing or newly develcping areas.

A specific example illustrates a potential application
of this aspect of the TRAM model. In recent years there has
been considerable debate regarding the alignment of the
southward extension of Edmonton's Light Rail Transit system
(Bakker, 1985). One alignment scenario follows an existing

rail right-of-way, travels through an industrial area, and
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would need to be completely constructed before significant
fare—-generation could take place. The other scenario would
necessitate the demolition of numerous houses, would travel
through an existing residential community, but could be
built in stages, each of which would begin producing revenue
upon completion.

Each of these scenarios is characterized by variables
resulting from policy decisions such as the feeder route
structure, the proportion of direct buses and LRT-feeder
buses, construction staging, and LRT frequency. Each
scenario is accompanied by a known cost, and the problem is
to quantify the benefit derived from each scenario in order
to allow a rational evaluation of costs and benefits. None
of the variables outlined above are addressed by the
catchment-area model; however, the Quality of Service Index
of the TRAM model could provide an objective, quantitative
indication of which alternative would be most favourably

perceived by transit users.



XI1I. Conclusions
This research aimed to contribute to the understanding of
disaggregate choice behaviour modelling by investigating its
application in a practical transit planning context. Three
research objectives were set out and have been accomplished:

e A multinomial logit model has been calibrated to
describe the transit route choice behaviour of morning
downtown commuters in Edmonton., The model, known as the
Transit Route Analysis Model (TRAM), appears to be
reasonable in terms of the signs and magnitudes of its
utility function coefficients.

e The TRAM computer program embodies the calibrated
multinomial logit model and accomodates its convenient
application to transit planning problems. The program was
tested extensively as an integral part of this research and
functions well in the research environment.

s The output of the TRAM model has been validated
against the observed behaviour of transit users at two
"levels". The results show that TRAM has considerable merit
at both the microscopic and macroscopic level.

The remainder of this chapter outlines the main
conclusions of the research, several other findings arising

from it, and suggestions for the direction of future

research.

Main Conclusions

The results of the macro-level testing indicate that
TRAM is an acceptable method of determining stop-by-stop
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transit demand which could be used in the production of
transit route profiles., TRAM was found to be a relatively
complex model, but not such that it was impractical to use.
However, the test cases in this study demonstrated that the
relatively simple catchment area model can produce results
which are quite similar to those of the TRAM model.

The route proportion comparisons and some of the
stop-by-stop boarding results indicated that the TRAM model
is potentially superior to the catchment area model. This is
attributed to the fact that, in more complex applications,
TRAM better accomodates trade-offs between the various
attributes of a transit trip. In fact, of the many factors
associated with transit choice behaviour, only walking
distance is addressed by the catchment area model. However,
because of the remarkable similarity between the results of
the TRAM and catchment area models themselves, if in a
particular instance only a basic solution is required and
the level of detail is routine, the catchment area model
would be more appropriate. In another situation where the
level of detail, the complexity of the problem, and the
consequences of the resulting decision are great, the
additional effort reguired for the use of the TRAM model
would be justified.

The thesis demonstrated the production of a measure of
composite utility labelled the Quality of Service Index. It
suggested that the Quality of Service Index provides a

useful and valid method of measuring and understanding the
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perceptions of transit users regarding transit service.
Although the Index is very difficult to validate with
certainty, the favourable results of the micro-level testing
indicate that TRAM provides a good representation of transit
user perceptions and behaviour. This is especially true in

light of the absence of alternative approaches.

Other Findings

This research focused on the transit travel behaviour
of morning downtown commuters. However, the validation
survey revealed that this particular market segment
contributes only a fraction of the total passenger load in
the morning peak period. This finding combined with the
problems encountered in the use of the Regional Travel Model
transit trip generation rate indicates that care must be
exercised when using the results of the macro-level
predictions.

The hypothesis that different transit trip generation
rates should be used to reflect differences in population
density was not supported by the research. Testing showed
that increases of up to twenty per cent in the trip
generation rate for higher-density portions of a
neighborhood did not result in a significant improvement in
the performance of either TRAM or the catchment area model,

A lack of useful statistical techniques for quantifying
the goodness of fit of discrete distributions was
identified. Several commen techniques were evaluated as

candidates and rejected. A measure called the average
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absolute difference (4) was developed, and appears to be
logical and conceptually attractive. Although it relies on
the use of a second model to provide a basis of comparison
for the TRAM model, it was used successfully as a
comparitive tool,.

As a means of enhancing evaluation of the macro-level
results, the use of moving averages to smooth the results
did not provide additional meaningful insight which would
not have been evident from the raw results. Compounded with
the conceptual difficulty associated with the averaging of
survey observations, the moving average technigue was not
considered beneficial.

The research found that aggregation units of postcode
size were convenient and appropriate for use with the TRAM
program. However, it is noted that much manual data
collection was required and made the TRAM program relatively
time-consuming in application. Advances in computerized
geographic information systems should be applied as
available to eliminate much of the manual work and render
the TRAM program considerably mora convenient and practical.

It is concluded that the decision to test the TRAM
results at both the microscopic and macroscopic levels was
sound. Each aspect contributed to the investigation of the
technigue, and neither level of testing would have provided
in isolation an eqguivalent insight.

The survey method selected to gather the data for the

two levels of testing was considered successful. Although
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there were some minor mishaps in the data collection, the
were caused primarily by human error rather than a
deficiency in the survey design.

With the benel.t of hindsight, some tasks would be
approached differently. Initially it had been assumed that
only insignificant numbers of passengers would choose the
routes classified as secondary. Since the numbers of
boardings assigned by TRAM to these routes were not
negligible, it would have been beneficial to include in the
validation survey the monitoring of the so-called secondary
transit routes in the study areas.

A concern wac noted with the size of the sample useAd to
calibrate the TRAM model. In order to remove a measure of
uncertainty about the calibration, it would have been better

to have included a larger sample in the calibration process.

Future Research

In terms of continued research in this area, it is
concluded that the TRAM procedure shows promise as a useful
transit planning tool. In order to become more certain of
its usefulness, it must be evaluated in a more complex
situation to prove or disprove its potential superiority to
the catchment area model.

Some potential alterations to the TRAM utility function
are worth consideration. Among these are addition of a dummy
variable specific to transit centres and addition of other
more detailed variables such as whether a stop has a

shelter, a concrete pad, or a bench. However, it is
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concluded that it would be beneficial to first apply TRAM in
a more complex application, since the existing utility
function may perform acceptably and a more complicated
utility function may simply increase the margin of effort
required to model using TRAM as compared to catchment areas.

It would also be useful to test the TRAM modelling
technique in other market segments. For example, it would be
good to test the performance of TRAM in modelling
destinations other than the central business district, such
as the University or an industrial park. Likewise, it would
be illustrative to attempt to model different trip purposes
and times of travel, such as mid-day shopping trips and
school trips.

The matrix of equivalencies arising from the TRAM
utility function provides useful insight into transit user
perceptions of the various components of a transit trip.
This insight contributes to considerations of transit
network density and transfer policies.

It was concluded the in numerous instances the results
of the comparison of stop-by-stop boardings and predictions
had better visual similarity than indicated by the
statistical measures of goodness of fit. The use of
perpendicular envelopes as an alternative means of assessing
goodness of fit was shown to be potentially beneficial, but
requires further development.

The possibility was identified of relationships between

the micro-level performance of the TRAM model and various
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demographic variables such as study area size and
population, Although this aspect was beyond the scope of the
current research, it may warrant further investigation.

It would be worth investigating the idea of validating
the composite utility value referred to herein as the
Quality of Service Index. This might be accomplished by long
term use of census gquestions regarding satisfaction with
transit service in different areas. Time series analysis of
attitudes versus transit service could then be compared to
predictions of composite utilities to determine their
validity.

Also worthwhile would be further investigation of the
role of the composite utility value as a linkage among
components in the hierarchical modelling process. This is
one of the most powerful aspects of the multinomial logit
formulation, and it has potential applications including
hierarchical models of mode split.

The key recommendation to guide future research in this
area is to ensure that the pace of theoretical advancement
is matched by practical, in-field validation of the
predictions of the developing modelling techniques. Without
such validation, it is impossible to know if or when the
theories will find their way to benefit the transportation

plarning process.
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TRAM program input consists of two groups of data: (a) a
network scenario description and (b) an aggregation unit
description. The network scenario description provides
information on the routes composing the particular transit
network scenario which is to be analyzed; the aggregation
unit description provides information on the alternatives
available to each aggregation unit in the analysis area,

The two groups of TRAM data are contained in separate input
datafiles, each consisting of a descriptive title line and a
series of program data lines. The data lines are categorized
into line types to accomodate organization and data

checking.

The descriptive Title Line can be any combination of
alphanumeric characters, and is used to identify the
contents of the datafile and/or the particular program run.
The numerical program data are entered as whole numberps
without decimal points, right justified, in 5-column fields.
The Line Type number always occupies the first S-column
field. '

The following pages specify the exact contents of each Line

Type.
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NETWORK SCENARIO DESCRIPTION DATA
(I/0 Unit 1)

Title Line

The first line in the data group must be the Title Line,
which is a literal description of the network scenario being
analyzed. Up to 60 alphanumeric characters may be used. Only
one Title Line is permitted.

Cmmns_u.s.adEn.tm

1-60 Identifier
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Line Type 11

For each route in the network scenario, this line identifies
the route, the number of stops on the route, and the nominal
frequency of sevice on the route. One Line TYpe 11 is
required for each route. The maximum number of routes is 20,
though in practice this limit will seldom be approached.,

Columns llsad  Entry
1-5 11
6-10 Route number
11-15 Number of stops on route (maximum of
100)
16-20 © Nominal frequency of service on route

(minutes of headway)

Note:

(a) Line Type 11 is the first line in the description of
each route in the routing scheme. It must be followed be
one Line Type 12 for each stop on the route.



Line Type 12

One Line Type 12 is required to describe each stop on the
route of the previous Line Type 11. The number of Lines Type
12 required is specified on Line Type 11, Columns 11-15. The
maximum number of stops on each route is 100, though in
practice this limit will seldom be approached.

Columns Used = Entry
1-5 12
6-10 Stop number
11-30 Literal description of address of stop
31-35 Scheduled arrival time, using the 24-

hour clock (hhmm)

Note:

(a) The stop address (Columns 11-30) can be any combination
of alphanumeric characters, but is recommended to be
consistent with the City of Edmonton Transportation
Department stop-description convention.
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AGGREGATION UNIT DESCRIPTION DATA
(I/0 Unit 2)

Title Line

The first line in the dgta group must be the Title Line,
which is a literal description of the analysis area location
and/or the particulars of the program run. Up to 60
alphanumeric characters may be used. Only one Title Line is

permitted.

Columns lsad Entry

1-60 Identifier
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Line Type 21

This line contains the average automobile travel time from
the analysis area to the downtown. (This value is used to
calculate the utility of an automobile-equivalent transit
service which is used for comparitive purposes in the
program output.) A Line Type 21 must follow the Title Line
and precedes Lines Type 22 and 23.

Columns Used = = Entry

1-5 21

6-10 Automobile travel time (minutes)
Note:

(a) The automobile travel time from Line Type 21 is used in
program calculations for all aggregation units which
follow sequentially in the datafile. It can be changed
by entering another Line Type 21 immediately preceding
any Line Type 22. This may be desirable if the analysis
area is so large that travel times differ significantly
over the area.
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Line Type 22

This line describea the characteristics of an aggregation
unit. One Line Type 22 is required for each aggregation
unit. The maximum number of aggregation units is 1000,
though in practice this limit will seldom be approached.

Columng Used = Entry
1-5 22
6-10 Label of aggregation unit
11-15 Population of aggregation unit
16~20 Transit trip generation rate (percent)
21-25 Number of transit alternatives available

to aggregation unit (maximum of 9)

Note:

(a) Line Type 22 is the first line in the description of
each aggregation unit in the analysis area. It must be
followed by cne Line Type 23 for each transit
alternative available to the aggregation unit,

(b) The aggregation unit population (Columns 11-15) and
transit trip generation rate (Columns 16-20) are used to
determine the number of people in the aggregation unit
who use transit for a morning work trip to the downtown.
There is more than one way to input this to TRAM:

© If the actual population is used, a realistic transit
generation rate for the specified type of trip must be
used.

o If the user can estimate the number of morning
downtown commuters directly, the estimate can be entered
as the "population" of the aggregation unit and the
"transit trip generation rate" entered as 100 percent.
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One Line Type 23 is required to describe the attributes of
each transit 2lternative available to the aggregation unit
of the previous Line Type 22. The number of Lines Type 23
required is specified on Line Type 22 Columns 21-25. The
maximum number of transit alternatives is 9.

Columns tsed
1-5
6-10

11-15

16-20

21-25

26-30

Note:

Fatxy

23

Route number of transit alternative
(consistent with and corresponding to a
route on Line Type 11, Columns 6-10)

Stop number of transit alternative
(consistent with and corresponding to a

stop on Line Type 12, Columns 6-10)

Walking distance from centroid of

aggregation unit to the transit stop
(metres)

Number of transfers required to reach

the downtown

Effective frequency of service, which

overrides the nominal frequency of Line

Type 11, Columns 16-20 (see note "a")

(a) If Line Type 23, Columns 21-25 is non-zero, an effective
frequency must be specified, even if it is the same as
the nominal frequency; if the contents of the columns
are zero, the effective frequency must also be zero.




Appendix B

Neighborhood Fact Sheets

Source: City of Edmonton Planning Department

Index:

CAPILANO = Capilano, Fulton Place, Gold Bar
BEVERLY = Abbotsfield, Bergman, Beacon Heights,

Newton, Rundle Heights, Beverly Heights, Highlands

CLAREVIEW = Fraser, Bannerman.__
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ﬁ NEIGHBOURKQOD:

CAPILANO
SOUTHEAST DISTRICT

1. St.Gabriet Elementary
2. Capllanc Elemantary

3. Capilano CommunityLeague
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LocaTion = & oNdee LU ANy
q'? ) 9.? NG ‘.o".

LAND USE
C single Dwalling Recreation,Open Space
=3 Two Unit Dwellings B commercial
Multiple Family Dwellings &R Industrial, Public Utilitiog
B Apartments £ institutional

Transportation

X2 vacant, Undaveloped
O3} Vacart, Residential
L3 Vacany, Institutional
B2 Vacant, Commaercial
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CAPILAND: QASIC FACTS

Housing Typse No. of Units  Langth of reaidence Terure
inm 2
ot suve eddress . .
Single Detached 1077 $ ar more years 79  rHomgownary 92
Ouplex/Semi-Ostached [ Jto 4 yearn 10 Rentere 7
Row/Townhousing g ll to 2 yu{o Z ‘\./;‘eutw é
Apgrtmgnty eas then 1 yesr 1 struetion
TOTAL 6.0
WHAT PEORLE ARE:
Emp. Emp.
ve- Kind- Gr.7- Gr.10- Pt Home Full Pue

Nt
Seh. GQr.é6 Gr.Y Grll Sec. Maker Time Yime Emp. Ratired Other
Male [:1] 114 €6 107 - 106 0 8 40 al 193 9

Femgie 72 88 63 78 2 498 420 192 9 33 13
AL TR T T —T8 T W o W W —m —8
Tota) Populstion- 3,280 Comparison With Nggrby Nl
Forest Fujton Gold Clty of
Haights Place Bar Edmanton
Age Groups Na. % % % L] “
0-4 123 3.7 4.6 30 .8 7
5.1 332 10.1 (D) 2.8 1%l . 13
15.19 518 9.7 6.6 8.1 104 7
20-39 909 27.5 39.4 9.2 Ll 43
40-%9 1037 n.7 2.1 ’.0 7.2 : 19
Over 60 520 17.3 210 3.3 4 11

Source: 1983 Civic Conmus

Scheols % %
Enrollment Change Capscity Capecity
1272 1902 Occupied
Capilano Elementery 390 173 -55 400 43
St. Gabris! Elementary & Junior High 490 24 -50 425 57
Decembar, 1983 For information on Planning services, contact

the Southeast District Planning team at 421-7080.
For informstion on other Civic services,
contact the Citizen Action Centre 428-2600.

nZarvv o
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NEIGHBOURHOOD:
FULTON PLACE

SOUTHEAST DISTRICT
1. Hardisty Junior High

Zp

2. Fulton Place Elementary
3. Futton Place Community League

4. Grace United Church of Canada L
" SOUTHEAST DISTRICT ‘ Y
© | NEIGHBOURHOOD LOCATION

=0

l -
IHID(
48 @6 a

1
1

11

TIID Ul

LAND USE
1 single Dwalling Recreation,Open Space Transportation
T3 Two Unit Dwellings W commercial 3 vacant, Undevelopad

" Vacant, Residential
=73 Multiple Family Dwellings B0 Industrial, Public Utilities % vacant ,n:fitgﬁona,

M3 Apartments = institutional ) Vacant, Commarcial
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FULTON ALACE: BASIC FACTS

Housing Typee No. of Uhits  Langth of recidence Terupe
{n relgrbmynnnd
ot e address % %
Single Detached 796 S or mare years 72.4  Hompownery 8l.1
Ouplev/Semi-Detachec 26 3to 4 yesry 10.9 Rentery 16.9
Row/Tawnhousing u:’m lw2 "'1" ;. ; Vacmlcm Z.IOJ
Apgrtmants 1 less than | yesr . Under steuction
TOTAL 1951
WHAT PEOM_E ARE:
Emp. Emp.
Pre- Kind+ Gr.7- Gr.10- Pt Home Full Pegt  Nat
Sch. .6 G0 .11 Sc. Maker Time Time Emp. Ratired Oxhor
Male 60 03 4) [.1] n 1 648 Jo 102 204 2
Femgle 50 (1] 39 52 49 407 371 94 30 142 5
totaL TI6 ~Ta7 — 8 T 13 T T8 BB Th T T % T Y
Totat Populstion- 2,639 Comparisan With Nesrdy Neighbnurhonds
Torrace City of
Capileno Goldder Haights Edmonton
Age Groups No. % % % % L]
0.3 02 3.0 3.7 4.8 4.l 7
S-14 228 LX) 10.1 131 78 13
15.19 26 8.1 9.7 104 6.9 7
20.39 776 29.2 1.5 ] 39.2 43
40-39 769 20.0 .7 2 54 19
Over 60 588 3.3 173 174 16.6 11
Source: 1983 Civic Census
Schaols % %
Enroliment Changs Cepscity Capacity
1972 1902 ° Occupisd
Fulton Place Elementery 603 239 -60 600 39
Hardisty Junior High 936 a9 -58 9% 40

-

For information on Planning services, contact
the Southeast District Planning team at 421-7080.
For information on other Civic ssrvices,
contact the Citizen Action Cantre 428-2600.

Oecamber, 1983

cginidnton -




e NEIGKHBOURHOOD:
GOLD BAR
SOUTHEAST DISTRICT
m '
e & 3 7
: 4
I SOUTHEAST DISTRICT = :
© NEIGHSOURHOOD LOCATION = 3
1. Gold Bar Elementary E | "
2. St Bede Elementary 5 ; 1S =) h !
3. Gold Bar Communtty League t U
2 nnmpm)= N
EE,: X E,'__\: é
EEE £
=== s uEE Tians] J
0T, &
3 == X
= =" ny
] ==
N
LAND USE
1 single Dwalling Recreation,Opon Space Transportation
1 Two Unit Dwellings Bl Commercial 3 \\l/acam. gndovolopod
- . . X Vacant, Residential
| ZZE3 Multiple Family Owaellings B industrial, Public Utilities CZ3 Vacant, Institutional
L] Apartments =] institutional &3 Vacant,Commarcial
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GOLD BAR 1 BASIC FACTS
Howing Types No. of Units Lhmnovm Terume
rei
ot sxTe eddress % %
Single Detsched 87s S or mare yesrs 69.5 Homsownsre £9.9
Ouples/Semi-Ostsched 6 11.2  Renters 29.1
Row/Townhousing 102 10.2 Vecent 1.0
Apartments 36 fou then 1 year 9.1 Unasr Construction 4
TOTAL
WHAT PEORLE ARE
. Emp.

Pre- Kind- GCr.7- Gr.10- Pos Home Full Pet Nt

Sh. Gr.6 Gr.9 Gr.ll Sec. Msker Time Time Emp. Rstired Other
Male 118 139 99 102 89 0 843 58 167 114 13
Female 110 143 C 96 102 67 407 481 197 $9 105 [}
ToTAL 218 % W T e T % g T I T 1T

Tota) Papulstion- 3,520

Aqe Groups No.
0-4 m
5-18 472
15-19 369
20-39 1143
40-59 973
Over 60 392

Source: 1983 Civic Census

Schools

St. Bece Elementary
Gold Ber Elementary

4.8
1343
104
271
272
174

Comparison With Nearby Reighboughoods

Fulton City of
Capilsno Plsce Ottowell Edmonton
% - %
3.7 3.0 W7 R 7
101 [ X 9.7 13
9.7 0.1 1.3 7
.5 9.2 29.9 43
g 8.0 .9 19
173 3. 14.5 11
% %
Enrollmant * Change Capacity Capacity
1972 1982 Cccupied
296 106 -6 250 42
464 169 -63 450 37

December, 1983

@ﬁ"émm PLANNING

For information on Planning services, contact
the Southasat District Planning team at 421-7080.
For information on other Civic services,
contact the Citizen Action Cer:tre 428-2600.
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(I NORTHEAST DISTRICT
O NEIGHBOURHOOD LOCATION

1. Abbott Elementary Schoot (p)
2. St. Sophta Elementary School (s)

3. Abbonsfield Mall

ﬁ NEIGHBOURHOOD:

ABBOTTSFIELD
NORTHEAST DISTRICT

3 Single Dwelling

Two Unit Dwellings
Multipte Family Dwellings
(3 Apartments

LAND USE

Recreation,Open Space
Commercial
EEZ industrial, Public Utilities
CX] institutional

Transportation
X vacant, Undeveloped

SOUrCe: 1182 ity assEsswENT Data
OISTRICT PLANNING PROGRAM
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ARBOTTSFIELD
Naighbourhood Ch
Density: 40.4 peopie/hectare (gross)
Housirg No. of Units Lend Arss 51.9ma.
Single Family Dwellings - -% Residential 13.9ha. 26.8%
Semi/Duplex Dwellings - -% Institutionsl 2.5ha. 4.8%
Multi Family Dwallings 478 65.5% Recreation/Open Space J.4hg. 6.6%
Aportments (1-4 storeys) 252 34.5% Commercial S.2ha. 10.0%
Apartmaents (Sestoreys) - -% Qther 26.%ha. 51.8%
730 units
Length of Residence Terwre
Lived ot the same address:
5 ar more years 17.3% Homeowners 22.5%
1to 4 years 52.7% Renters 77.5%
less than 1 yeer 30.0%
Papulstion
1983 1983

Agse Groups No. % City of Edmanton

%
04 285 13.6 7.6
5-19 628 30.0 21.0
20-39 908 43.3 42.4
40.59 221 10.5 18.7
60-64 18 .9 3.3
65+ 38 1.7 7.0

2,098
Saurces: 1983 - City of Edmonton Civic Census
Schools Enroliment Capacity
1972 1982

Abbott Elementary (Public) 201 310 525
St. Sophia Elementary (Saparats) N/A 130 250

Racrestion Facilities

Abbott Elemantary - ball diamands,

Abbotsfield Road - playground, tot lot

District Facilities neerby:

soccer fislds, plsyground

- Rundls Park A.C.T. Centra, pool - 118 Avenue/Victoria Trail
- Senta Ross Arena - 120 Avonue/68 Strest

Community Services

Edmonton Socisl Services - Sevarly Cantre - 5005 112 Avenus - 474-8221
Beacon Haights Community League

APRIL 1984

ne atror

ROMION i

For intormation on Planning services, contact the
Northoast District Planning Team at 428-8565.

For information on other Civic services, contact
the Citizen Action Centra at 428-2600.
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NEIGHBOURHOOD:

- BERGMAN
NORTHEAST DISTRICT

C I NORTHEAST DISTRICT
O NEIGHBOURHOOD LOCATION

] single Dwelling
Two Unit Dwellings

3 Apartments

b v
SRS = % v .
= . SAS|=Is|=Cs =
= Sajis, = BE = = ==l
122 AVE 122 AVE
LAND USE

Multiple Family Dwellings BXE8 industrial. Public Utilities

Transportation
X3 vacant. undeveloped

SOUrCe: 1992 CiTy ASSESIMENT DaTA
OISTAICT PLANNING PROGRAM

B33 Recreation.Open Space
BB commercial

X3 institutional
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BERGMAN
Naiqhbourhood Character

Density: 12.5 people/hectara (gross)

Sources: 1983 - City of Edmonton Civic Census
1971 - Census of Canada

Housing No. of Units Land Ares 88.6ha.
Single Family Dwellings 214 95.5% Residential 14.0ha., 15.8%
Semi/Duplex Dwellings 10 4,5% Institutional +Sha. 3%
Multi Family Dwellings - -% Commercial .1lha. .1%
Apartments (1-4 storeys) - -% Other 74.2ha. 83.7%
Apartments (S5estoreys) - -%
224 units

Length of Residence Tenure
Lived at the same addreas:
5 or more years 65.8% Homeownsrs 71.7%
1to 4 years 20.4% Rentars 28.9%
less than 1 yesar 13.8%
Papulation

1971 1983 1983
Age Groups No. 9% . g City of Edmonton
0-4 106 9.8 61 5.1 7.6
5-19 421 38.8 329 27.4 21.0
20-39 290 26.8 373 31.0 42.4
40-59 208 19.2 296 24.6 18.7
60-64 18 1.7 53 4,4 3.3
65+ 41 3.7 90 7.5 7.0

1,084 1,205

Recreation Facilities

District Facilities nearby:
Rundle Park, A.C.T. Centre, Pool -
Santa Rosa Arena - 120 Avenua/ 68

118 Avenue/Victoria Trail
Street

Community Services

Edmonton Socia! Sarvices - Beverly Centrs - 500
Beacon Helghts Community League

5 112 Avenue - 478-8221

APRIL 1984

neEaTYOr

mom on PLANNING

o

For information on Planning saervices, contact the
Northeast District Planning Team at 428-85685.

For information on other Civic services, contact
tha Citizen Action Contre at 428-2600.
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ﬁ NEIGHBOURHOOD:

BEACON HEIGHTS
NORTHEAST DISTRICT

| T 1. Beacon Heignts Elementary (p}
STONY BLAIN _ AC—

® 2. St. Bernadette Elementary (s}
b3

3. Beverly Jubilee Park/Beacon Heignts
Communtty League

1A

)

_4 Beacon Haights Community League Hail

S CALGARY |

I NORTHEAST DISTRICT
© NEIGHBOURHOOD LOCATION
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LAND USE
[ single Dwelling Recreation,Open Space Transportation
Two Unit Dwellings Commercial 23 vacant, Undevetoped

23 Multiple Family Dwellings BB industrial, Public Utilities  Source:rses riseo susver
DISTRICT PLANNING PROGAAN
] Apartments X3 institutional




BEACON HEIGHTS

Neighbourhoqd Charecter
Density: 28.6 people/hectare (gross)
Housing No. of Units Land Ares 119.00hs.
Single Family Dwellings 1,224 8l.9% Residential 64.6hg. 54. 3%
Semi/Duplex Dwellings 50 3.3% [natitutional 1.6ha. 1.5%
Muiti Family Dwellings 77 5.2% Recreation/Open Space 3.2hs. 2.7%
Agartments (1-4 storeys) 143 9.6% Commasrcial 6.9ha. S. 8%
Apartmants (Sestoreyy) . -% Otnar 42,5he. 35.7%
1,494  unity

Langth of Residence Tenure
Lived et the seme sddrems:
5 or more yesrs 64,1% Homeawnaers 65.9%
Ltod yoars 19.4% Renters 36.1%
less than 1 year 16.5%
Populstion

1971 1983 1983
Age Groups No. % No. % City of Edmanton

%
04 474 9.9 162 4.8 7.6
5-19 1,754 36.7 740 2.9 21.0
20.39 1,360 28.4 1,148 3.0 42.4
40-59 832 17.4 a8? 25.3 18.7
60-64 154 3.2 154 4.6 3.3
65+ 209 4,4 284 8.4 7.0
Sources: 1983 - City of Edmoenton Clvic Census
1971 - Census of Canada
Schools Enrollment Capacity
L2 198

St. Bernmdette Elementary (Saparate) 296 158 250
Beacon Haights Elementary (Public) 316 116 275

Racrestion Fecilitles

Beacon Meights Elementary - ball dismond, soccer fislds
St. Barnadatte Elementary - ball diamands, saccer fieids

Pleygrounds - 120 Avenus/35 Street

- 120 Avenue/43 Street
Beacon Heights Cammunity Lesgue
District Facilities nearby:

- halls, playground

- Rundle Pari, A.C.T. Centre, pool - 118 Avanue/Victoria Trail
- Santa Rosa Arens - 120 Avenue/68 Street

Commmumity Services

Edmonton Social Services - Beverly Centre - 5005 112 Avenue - 475-8221

Bescan Heights Community Lesgue

&

SEPTEMBER 1983.

N OTY e

ROMION cuwmne

For intormation on Planning services, contact the
Northeast District Planning Team at 428-8565.

For information on other Civic services, contact
the Citizen Action Centre at 428-2600.
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NEWTON

NEIGHBOURHOOD:

NORTHEAST DISTRICT
TRA) _L—-J
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v SR NN NS,
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I NORTHEAST DISTRICT ‘%ﬂ — EE =
O NEIGHBOURHOOD LOCATON B BEREH BB R B
PP | s I i | e e mn (S | N
| —
t 1 Newton Elementary School (p) :“ e ~ —
! 2 St Leo Elementary/Jr. High Schodl (s) = = l .2' § | = —
; 3 Newton Community League = - : { ==
4 JacooPrins Park =0 B8 5 = === y e
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LAND USE

(1 single Dweliing

Two Unit Dwellings
Multiple Family Dwellings
1 Apartments

E33 Recreation,Open Space
I commercial
B3 Industrial, Public Utilities
CE institutional

Transportation
X vacant, Undeveloped

Source: 1982 FIELD SuAVEY
OISTRICT PLANNING PROGRAM

01



NEWTON
Neigrboyrtood Chrscter
Oensitys  27.7 pecple/mectare (grom)
Housing No. of Unity Land Ares 136.9 ny.
Sinqle Family Dwellings 847 8.1% Resicentisl 38.9 ng. 45.7%
Semi/Ouplev Dwsllings 0 3.0% institutionsl . 4.9 hg. 4.2%
Mults Family Dwsllings 14 1.3% Recrestion/Qpen Sosce 9 hy. 0%
Apsrtmenty (14 storeys) 114 10.58% Commareial NE™N 6%
Apsrtments (5+storeys) - -% Othar 52.1 ne. 48.7%
1055 units
Langth of Residence Teorwwre
Lived st the aame address:
$ or mare yesrs $7.4% Homgownere 67.6%
1to 4 yesrs 29.0% Rentsrs 32.4%
lots than 1 yesr 12.8%
Papulation
- 1971 1983 1983
Age Groupe No. “ No. L) City of ('I‘dmcnum
04 267 9.0 122 4.2 1.6
$-19 902 3.1 610 20.9 .0
20-39 826 7.0 992 33.9 42.4
40-59 651 22.0 693 2.7 18.7
60-64 9 2.6 in 5.9 3
65+ 166 5.9 333 11.8 7.0
N =
Sources: 198) - City of Edmantan Civic Cansus
1971 « Censua of Caneds
Schools Enrall c M
1972 1982

Newton Elementary {Pubtic) 281 179 a2s
St. Leo Elementary/Jr. High (Seperste) 52 176 325
Racrestlon Facilities
Newton Elementary - ball dismands, soccer fislds, playgrounds
St. Lao Elamentary/Jr. high - ball disrnonas, soccer fields
Newton Cammunity Lesgue Hall
District Fecilities nearty:

- Borden Perk - 112 Averwe /75 Street

- Eastqlen Pool - 1148 Avernse/58 Strest

- Floden Park - 109 Avenue /40 Stroet

. Rundle Park, A.C.T, Contre, Paol - 118 Avenus/Victoris Trail

- Sants Rasa Arena - 120 Avanus/60 Street
Community Services
Edmonton Socigl Services - Beverly Cantre - 5005 112 Avenus - 4740221
Newton Community Lesgue
SEPTEMBER 1983, For information on Planning services, contact the

Northeast District Planning Team at 428-8565.
i For information on other Civic sorvices, contact

MOMOII PLANNING the Citizen Action Centre at 428-2600.
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I NORTHEAST DISTRICT

1. Rungle Elementary School (p)

3. Rundle Park

4 A C.T.Centre

w

Family Recreation Centre

o

Runale Park Golf Course

~

Runale Heignts Playground

O NEIGHBOURHOOD LOCATION

2. St. Jerome Elementary/Jr. High School (s)

y NEIGHBOURHOOD:
RUNDLE HEIGHTS
NORTHEAST DISTRICT

19 avg

North
Saskatchewan

3 Single Dwelling

Two Unit Dwellings
Muitiple Family Dwellings
7 apartments

LAND USE

Recreation,Open Space Transportation
R commercial Vacant, Undeveloped
BEB Industrizl, Public Utilities  Source: 1ssz cirv assessutnr osra

OISTRICT PLANNING PRAOGRAM
(o Institutio.nal
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RUNDLE HEIGHTS
Nelghhourhaod Charscler
Density: 46.8 peopie/mectare (grom)
Housing Na. of Units Land Ares 75.7ns.
Single Family Owellings 369 20.3% Residantial 40.7ns. 53.8%
Semi/Cuplex Dweilings 40 ¥.3% Institutiong! : 4.6na. 6.1%
Multi Family Dwellings 60% 49.7% Recrestion/Qpen Space 5.1ha. 6.7%
Apartments (1-4 storeys) W3 16.7% Cammareial .9hs. 1.2%
Apartmaents (S+storeys) o -9 Other 26.48ng. 32.2%
1,217 units

Length of Residance Tenure
Livad ot the same aridrees:
S or more yesre 41,3% Homsownsrs 37.7%
1106 ysere 33.0% Renters 62.3%
less than 1 yeur 25.7%
Populstion

1971 1983 1903
Age Groups 8 No. k City o7Edm¢nmn
0«4 298 17.6 307 8.6 7.6
5-19 505 30.0 1,177 33.0 21.0
20-39 691 40.9 1,298 36.4 42.4
40-%9 151 g.8 665 18.§ 18.7
60-64 - 12 7 &0 1.7 3.3
65+ 34 2.0 62 1.7 7.0

I|3§I 3,!6§
Sources: 1983 - City of Edmanton Clvic Census
1971 - Census of Canada
Schools Enrollment Capacity .
1972 1982

Rundle Elementary (Public) 501 427 500
St. Jeroma Elemantary/Junior High (Separatas) 161 127 we

Racrestion Fecilities

Rundle Elsmentary - ball diemands, soccer fislds, playgrounds

St. Jerome Elsmentary/Juniar High - ball diamonds,

soccer fields, playgrounds

Rundle Perk, A.C.T. Centre, Paol - 118 Avenue/Victoris Trsil

Community Services

Edmonton Social Services - Beverly Centre - 5005 112 Avenus - 474-8221

Beverly Haignts Community Leagus

APRIL 1984

@ﬁémon PLANNING

For informaticn on Planning services, contact the
Northeaat District Planning Team at 428-8565.

For information on other Civic services, contact
the Citizen Action Cantre at 428-2600.
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1. Lawton Jr. High Schoal (p)
2. RJ. Scott Elementary School {p)

3. St. Nichotas Elementary/Jr. High Schoal (s)

4. Beverly Heights Com?nunny League
S. Fiogen Park

6. Beverly Lion’s Playground

NEIGHBOURHOOD:

BEVERLY HEIGHTS
NORTHEAST DISTRICT

I NORTHEAST DISTRICT
O NEIGHBOURHOOD LOCATION
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7 single Dwelling

= Two Unit Dwellings
Multiple Family Dwellings
3 Apartments

LAND USE

Recreation,Open Space
Bl commercial
B8 Industrial, Public Utilities
= institutional

Transportation
X vacant, Undeveloped

Source:ieez FigLo susvey
CISTRICT PLANNING PROGAAM
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QEVERLY HEIGHTS
Reighbourhood Chyrecter
Osniity:  29.2 people/hactare (grog)
Hoging No. of Linits Land Ares 185.5ng,
Single Family Dwellingy 1,200  01.9% Residential 70.4he. 50.4%
Sami/Quplex Owellings 18 1.2% Institutionsl 10.4ne. 6.7%
Muiti Family Dwellings 9 6% Recreation/Open Space 5.0ng. 3.7%
Apertments (1-4 storeys) 256 16.3% Commareisl $3.4ng. 3.4%
Apertmants (Sestoreys)  __ - -% Orther 7.5ng. 4.0%
1,563  units

Langth of Residence Terure
Lived ot the ssme address:
S or maore yesrs 65.2% Homsowners 65.4%
1 to 4 yesry 0.49% Renters 3.6%
loes then 1 yasr 14.4%
Papulation —_—

w 1971 1983 983
Age Groups Ro. 1) No. L) ty of Eamanton

]
0.4 418 10.3 168 3.7 1.6
3.19 2,100 35.3 U 0.4 i.0
20-39 1,706 20.% 1520 3).6 42.4
40-%9 1,172 19.6 1,233 2.3 18.7
60-64 150 2.5 209 $.$ 3.3
65+ 227 3.0 420 9.5 1.0
”;7, [
Sources: 1903 - City of Edmantan Clvic Cenmus
1971 - Census of Caneds
Schools Enroll Capacity
1972 1982

R.J. Scott Elementary (Public) 223 138 28
St. Nicholas Elementary/Junior High (Seperste) 7 288 ns
Lewtan Juniar High (Publie) (1] 322 690
Racrestion Fecilitiss
Lawton Junior High - b3l dlamonds, swoceer fields
R.J. Scott El, Y - ball di % soccer fields
St. Ni El Yy - bali di ds, soccer flelds

Beverly Heights Community Lesgue - hall, rink
Floden Perk - pleyground
Pleygrounds - 115 Avenus/#2 Street
« L17 Avenue/36 Strest
- - 100 Avenue/38 Strest
District Facilitiss nesrby:
- Rundle Park, A.C.T. Centre, Pool - 118 Avenus/Victorio Treil
- Eastglen Paol - 118 Avenus/68 Strest
- Sents Ross Arens - 120 Avenus/68 Strest

Comvrunity Services

Severly Heights Community Lesque

Baverly Lodge - 117 Averue/ad Street

Parts Place - 3036 117 Avenue

Beverly Ukranian Apartments - 116 Avenue/37 Strest

Catholic Sacisl Service Group Homes - 3807 116 Avenue; 4026 - 115 Avenus
Edmanton Socisl Services - Beverly Centre - 5005 112 Averus - 474-8221

APRIL 1984 For information on Planning services, contact the
Northeast District Planning Team at 428-8565,

For information on other Civic services. contact
the Citizen Action Centre at 428-2600.

he aTvor

momcn PLANNING
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NEIGHBOURHOOQD:

HIGHLANDS
NORTHEAST DISTRICT

1. Hightands Jr. High Schoot (p)

2. Mt. Royal Elementary School (p)
3. Fire Station# 7

4. Highlands Commundy League

5. Hightanas Golt ana Country Club
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Multiple Family Dwellings B8 Industrial, Public Utilities  Source: o sver
[ Apartments X3 institutional

LAND USE
1 single Dwelling Recreation,Open Space Transportation
Two Unit Dwellings B commercial X vacant, Undeveloped
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HIGHLANDS
Neignhoyrtood Charecter

Oensity: 26.2 people/hactare (gross)

Hmming No. of Units Land Ares 118.1ns.
Single Femily Owaellings 1,023 81.5% Rasidontls! 63.3ng. 53.6%
Semi/Duplex Dwellinge 146 11.6% Inatitutionsl 6.0ny. 5.6%
Multi Femily Dwellings 29 2.3% Recrestion/Qpen Space 2.2ns. 1.9%
Apartments (1<% storeys) 57 4.6% Commarcisl 2.2na. 1.9%
-Apsrtments (Sestoreys) - % Othar 43.6ns. 36.9%
1,255 unite
Lanqgth of Residence Tenge
Lived ot e mme sddrems:
S or mare yesrs 65.7% Homsowners 74.3%
1t0 4 yesrs 21.%% Renters 25.7%
less then L yesr 12.8%
Istian — —_
Poou 1971 1903 1983
Age Groups No. % No. % City of Edmantan
“
[ ) 289 1.7 170 5.4 7.6
5-19 959 5.6 527 17.0 21.0
20.39 929 4.8 1,029 33.2 42.4
40-%9 N3 24,3 363 18.2 10.7
60-64 239 6.4 U7 7.0 3.3
65« a2 1.2 592 19.2 1.0
T7§!, Yo%
Sources: 1983 - Planning Departmant - PRISM
1983 . City of Edmanton Clvic Census
1971 - Cansus of Canads
Schools Enrollmant Capacity
1972 1982
Mount Royal Elementary (Public) 163 127 278
Highlands Junior High (Public) 579 468 635
Racrsation Facilitiss
Highiands Junior High - bell dlemands, saccer fislde
Mount Roysl Elementary - bl digmands, soccer flelde
Highlande Cammunity Lssgue Hall, playground, tennls, lewn bowling
Playgrounds - 112 Avenue/S3 Strest; 112 Averwe/62 Strest
District Facilitiss nesrbys
- Bordon Park « 112 Avenue/75 Street
- Sante Ross Arens - 120 Avenue/68 Street
- Rundle Park, A.C.T, Centre, Pool - 118 Avanue/Victarie Trail
Community Services
Edmanton Social Services - Baverly Centra - 5005 112 Avenus - 4749221
Highlands Cammunity Leagus
SEPTEMBER 1983. For information on Planning services, contact the

Northeast District Planning Team at 428-8565,
ot gl For information on other Civic services, contact

MOMOﬂ PLANNING the Citizen Action Centre at 428-2600.
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NEIGHBOURHOOD:

FRASER
NORTHEAST DISTRICT
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LAND USE
3 single Dwelling Recreation,Open Space Transportation
Two Unit Dwellings B commercial X3 vacant, Undeveloped

Multiple Family Dwellings BB Industrial, Public Utilities  Sourwe: 1s1 civ assessuant oara
. DISTRICT ®LANNIMG PACGAAM
Apartments X3 institutional
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FRASER
Naighbourhoad Character

Density: 25.1 paople/hectare (gross)

Housing No. of Units Land Area 77.5ha.
Single Family Dwellings 492 58.5% Residential 30.6ha. 39.5%
Semi/Duplex Owsllings 166 19.7% Other 46.9nha. 60.5%
Mutti Family Dwellings 183 21.8%
Apartments (14 storsys) - -%
Apartments (S+storsys) - -%
841 units
Length of Residance Tenure
Lived at the sams address:
5 or mare ysars 2% Homaowners 65.7%
1 to &4 years 73.4% " Renters 33.3%
lesa than 1 yesr 26.4%
Papulstion
1983 1983

Age Groups Na, % City of Edmonton

%
0-4 262 13.5 7.6
5.19 364 18.7 21.0
20-39 1,163 60.0 42.4
40-59 120 6.2 18.7
60-64 10 .5 3.3
65+ 23 1.1 7.0

II§02

Sources: 1983 - City of Edmonton Civic Census

Racreation Facilitiss

District Facilities nearby:
- Harmitage Park - Hermitage Road/Haoke Road
- Rundle Park, A.C.T. Centre, Pooi - 118 Avenue/Victoria Trail
- Londondarry Pool, Arena - 144 Avenue/66 Strest

Community Services

Pster Pan Day Care - 14527 29 Street
Edmonton Social Services - Beverly Centre - 5005 112 Avenue - 4746-8221
Fraser Community League

SEPTEMBER 1983. For information on Planning services, contact the
Northeast District Planning Team at 428-8565.

v m For information on other Civic services, contact
m0 Oﬂ PLANNING the Citizen Action Cantre at 428-2600.
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% NEIGHBOURHOOD:
BANNERMAN
NORTHEAST DISTRILT

&
T NORTHEAST DISTRICT i
O NEIGHBOURHOOD LOCATION  § >
1. Bannerman Elementary Schoo! (p) v
1
2. Bannerman Communtty League Facilties’
==J=S
Si==)
137 avg
LAND USE
(] single Dwelling Recreation,Open Space Transportation
Two Unit Dwaellings B commercial £ vacant, Undeveloped

Multiple Family Dwellings 2 Industrial, Public Utilities  Source: 1ssz cirv assessuent oara
QISTAICT PLANNING PROOAAN
Apartments £X) institutional
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BANNERMAN
Neighhaurhpad Chargcter
Density: 46.9 people/hactare (gross)
Housing No. of Units Land Ares 78.1ha.
Single Family Owellings 533 44.2% Residential 45.1nhg. 60.9%
Semi/Duplex Dwellings - -% Institutional 2.6hs. 3.5%
Multi Family Owellings 447 37.1% Recreation/Qpen Spsce 2.7ha. 3.6%
Apartments (1-4 storeys) 228 18.7% Commercisl 2.6he. 3.5%
Apartments (S+storeys) - -% Other 21.1hs. 28.5%
1,205 units
Length of Residance Terure
Lived ot the ssme addrese:
5 or more years 7.1% Homeownaers 74.9%
1o 4 years 75.9% Rantery 25.1%
less than 1 yeer 17.0%
Papulstion
1983 1983
Age Groupe Na. % City of Edmmum
04 462 13.6 7.6
5.19 821- - 23.8 21.0
20-39 1,827° 2.9 42.4
40-59 291 8.4 18.7
60-64 23 % 3.3
65¢ 2% .7 7.0
!,6;6
Sources: 1983 - City of Edmonton Clvic Census
Schoals Enrollment Capac:t:
1982 4
Bannermen Elementary (Public) 418 500
Racrestion Fecilities

Bannerman Elemantary - bal! dismonds, soceer fleids

Bannerman Community Leagus - rink, playground

District Fecilitise neacby:
- Hermitage Pari - Hermitags Rosd/Hooke Rosd
- Rundle Park, A.C.T. Centre, pool - 118 Avenus/Victoria Trsil
- Londonderty Pool, srens - 144 Avenue/66 Street

Community Services

Thumpers #2 Day Care - 14063 Victoris Trail - 478-2755 (Clareview Shapping Village)
Edmonton Socisl Services - Bevorly Centre - 5005 112 Avenue - 474-8221
Bannerman Community Lesgue

SEPTEMBER 1983, For information on Planning services, contact the
Northeast District Planning Team at 428-8565,

" For information on other Civic sarvices, contact

MOMOII PLANNING the Citizen Action Centre at 428-2600.




