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ABSTRACT

This work trip study is part of the studies on King Street
closure.

The objectives are to examine the effect of changed traffic

conditions on change in travel behaviour, and to identify variables
for choice modelling.

Some behavioural changes are observed, but none

is related to the increased road congestion.

The household survey data

shows that people did not perceive a difference in travel times before
and during closure.
is suspected.

Thus the reliability of reported times on modelling

However, modelling on time of day in a multinomial legit

framework using measured travel data does not help to explain the
behavioural changes with either travel time or a congestion factor.
is concluded that the changes observed in this study represent random
occurrences and the change in congestion is too moderate to effect
behavioural changes.
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CHAPTER 1

INTRODUCTION

This research arose from some transportation planning decisions;
it examines their impact on individual's travel behaviour and identifies
variables for modelling changes in travel behaviour.
King Street (see Figure 1) is the most important westbound
roadway in Hamilton, Ontario for both private cars and public transit.
From late June to October, 1977, three out of four lanes of King Street
were closed for construction work.

During the construction period, bus

routes were unaltered, but auto-users had to make detours.
The partial closure of King Street provided an ideal situation
for testing a number of transportation-related hypotheses.

It meant a

major decrease in road capacity and under the assumption that the volume
of traffic along the corridor remained unchanged, this would lead to an
increase in driving time especially during the peak hours of traffic.
Many studies suggest that increased driving time should induce
more transit use.

It was therefore expected that some people would

change to transit instead of driving their own car.

On the other hand,

since the blockage of King Street was only temporary, urban travellers
could respond to the changed conditions by shifting routes or time of
travel instead of changing mode.
The focus of this research was to enquire how people reacted to
changed traffic conditions.

There were two main objectives.

The first
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was to examine the effect of increased congestion on individuals' travel
behaviour, that is, relating change in mode, route or time of day to
any change in travel time.

The second objective was to model changes

in travel behaviour which should help to identify variables related to
these travel decisions.

It was hoped that

resul~s

from this study

could serve planning and policy-making purposes in urban transportation.
This report consists of six chapters.

Chapter 2 relates the

development of the urban transportation planning process and points out
the area that deserves attention.
on which this report is based.

Chapter 3 outlines the data collection

Chapter 4 analyses the data with regard

to work trips and attempts to identify variables for modelling changes
in travel behaviour, and the final chapter concludes the report.
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CHAPTER 2
URBAN TRANSPORTATION PLANNING

2.1

Introduction
A major concern in transportation planning is to make the trans

portation system efficient by minimizing the total costs of transportation.
As Stopher and Meyburg (1975) have said, transportation is not a single
isolated system by itself, but a subset of a much larger system.

Urban

life, urban economy, urban form and urban transportation are much
interrelated.

Urban transportation is responsible, at least, in part

for many of the existing urban questions.

For example, it has resulted

in high costs in tenns of ecological, urban space and energy conservation
questions.
Both technically and financially, it is presently infeasible to
cure directly the transportation - related urban ills.
transportation system is not a magic tool.

An improved

However, an attempt to

understand the phenomenon of transportation definitely provides a course
of action.

Through that understanding, transportation planners can

devise new methods to tackle the problems and provide for total travel
in the urban area.

A more efficient transportation system may alleviate

other urban- and transportation-related problems too.
This is where transportation planning has been moving, and the
development of the urban transportation planning process is outlined in
the next two sections.
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2.2 The Conventional Aggregate Approach
The standard urban transportation planning process deals with a
sequential set of travel demand models.

These models make use of

existing inventories of travel and of land use and predict future travel.
They include landuse forecasts, trip generation, trip distribution, modal
split and network assignment.

Information is collected on a zonal rather

than individual basis.
Though this conventional approach prevailed in the 1960's and
early 1970's, it has recently been the focus of severe criticizms
(Stopher and Meyburg 1975, Ch. 12), (Brand, 1972), (Ben-Akiva 1973).
The strongest attacks are on the inflexibility and static nature of the
approach: measurements are made and relationships estimated for a single
point in time and it is assumed that those relationships and estimates
will not change over time; it is unresponsive and insensitive to policies;
and it is incapable of determining the effects on travel decisions of
changes in travellers' circumstances.

For good estimation, the conven

tional approach requires a lot of data too.
In an attempt to overcome some of the shortcomings of the conven
tional approach, there have been several directions of research.

The

first is centered on econometric models based on consumer behaviour
theory (Quandt and Baumol 1966), (Quandt 1970).

This approach attempts

to combine the processes of trip generation, mode choice and trip distri
bution in one model.
The second approach attempts incremental improvements in the
standard package by providing more reliable and more plausible models.
Improvements are usually related to the techniques of modelling (Brown
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and Woehrle 1968).
The third approach is an attempt to restructure the models
associated with the decision process.

It results in a series of

disaggregate, behavioural, probabilistic travel demand models.

So far,

this appears to be the most promising approach to be taken.

2.3 Disaggregate Approaches
The new approaches to transportation planning are termed dis
aggregate because they are based on individual observations, behavioural
because they are based on causal relationships, and probabilistic because
the models calculate the probability of a particular choice.

These

behavioural models are concerned with identification of decision variables
in travel-choice situations and supposedly can explain changes in travel
behaviour.

They have clear advantages over the aggregate models (Reichman

and Stopher 1971), (Watson and Westin 1975), (Liou et al. 1975).
Conventional demand models are not very useful in determining the
number of potential users of the system and mode diversion in the system.
Nor can they evaluate the effects of alternative technologies or of service
improvements on transit ridership and automotive congestion (Domencich and
McFadden 1975, p.l).

For sound management and planning, we need models

responsive to policy questions, models that contain variables that policy
makers are able to control.

Disaggregate modelling contains both system

variables and person-related attributes.

The disaggregate approach is

now becoming an accepted planning tool for it holds the greatest potential
for the improvement of policy responsiveness and accuracy in the urban
transporation-planning process.
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The disaggregate approach first studied mode choice models
because mode choice has been seen as one of the most policy-relevant
steps in the travel-forecasting process.

Since its initiation with

Warner (1962), most of the disaggregate efforts have been expanded on
the identification of variables (Stopher 1967), (De Donnea 1971),
improvements in modelling techniques (Quarmby 1967), (Lisco 1967),
(Lave 1969), (McGillivray 1970), (Domencich and McFadden 1975),the
valuation of travel time (Hensher 1972), (Watson 1974),and quantification
of non-physical variables (Stopher et al. 1974), (Nicolaidis 1975).
Most of these models are concerned with mode choice for work
trips.

But it is clear that many of the most significant impacts of

transportation policy are on the overall pattern of travel rather than
simply on modal shifts.

Thus recently, extensions have been made to

choices other than mode choice, such as route choice, time of day
choice, and destination choice (Domencich and McFadden 1975, Charles
River

Ass~ciates

1972), trip purposes (Algers, Hansen and Tegner 1975)

and the decision-making structures (Ben-Akiva 1974),(Ewing 1974).
The task of present research should aim at producing models that
are sensitive to testing or defining transport-related policies (Stopher
and Meyburg 1976), (Domencich and McFadden 1975). Efforts on disaggregate
modelling so far have been helpful in our attempts to understand trans
portation phenomena.

But still, most disaggregate travel-demand models

are static, assuming people have static perceptions of their environment
and perceive the same set of alternatives as available over time.
fact, urban residents are always engaged in a learning process.
is a call for dynamic choice models (Lerman and Adler 1976).

In
Thus there

These would
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prove useful in situations where the short-run impacts of major trans
port facility changes are important.

While it is quite unlikely for

cities to conduct transportation studies on a continuing basis, before
and after-studies on changes in traffic services would prove particu
1arly helpful in transportation planning.

These studies enable the

planners to have a clear understanding of the interrelationships among
various components of the transporation system.

For example, improved

transit operations may lead to fewer vehicles on the road.

Secondly,

the studies assist policy-makers to realize the traffic impact of their
decisions related to urban landuse and the urban transportation system.
These studies can very well represent feedbacks to planning decisions.
In general, before- and after-studies on changes in traffic services
provide information about system operation, travel demand and response
to public policy.

2.4 Surrrnary
Conventional models have not been very useful in solving trans
portation problems because of their insensitivity to policy questions.
Disaggregate behavioural models are much better in this respect.
are flexible and policy-oriented.

They

Apparently, there has been an increasing

number of applications of disaggregate models in both local and regional
planning

(Stopher and Meyburg,

1976, p.47).

Thus it is worthwhile to

conduct before- and after-studies on changes in traffic service in order
to provide further understanding of the urban transportation phenomenon.
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CHAPTER 3

DATA COLLECTION

3.1

Data Sources
This study arose from the closure of King Street.

It examines

the effect of this closure on travel behaviour in the hope of relating
polciy decisions to transportation planning.
Data were collected in two different ways, (1) reported data
through household interviews, (2) measured data through engineering
efforts.
The entire project consisted of three phases of data collection.
Phase 1 was carried out around June 20, 1977, shortly before King Street
was closed.

Phase 2 was conducted around August 8, allowing some time

for the individuals to adapt to the changed traffic conditions.

Phase

3 began in late September when students had returned to school and
presumably less people were away for holidays.

The three phases were

meant to study changes under different intensities of congestion and
at different lengths of time from the closure of King Street.

3.2 Household Surveys
Since King Street is only available for westbound traffic, the
sample area for household surveys lay mainly to the west of Highway
403 which served as a screen line in subsequent analyses.

There were

eleven zones, all provided with transit services though the level of

9

services varies considerably.
The total sample was of three types:

randomly selected; auto

drivers known to use the corridor, selected through a license plate
survey; and from bus users.

Infonnation was collected in two ways,

household interviews and postal surveys, with the former fanning the
majority.
The questionnaires asked about both work trips and shopping
trips. (Copies of the questionnaires are in the Appendix).

Infonnation

was collected on modal and personal characteristics, trip frequency,
route selection, time of day of travel, and destination.

Some of the

work trip information was based on a work-home trip rather than a home
work-home trip as for the relevant sample, the home-work trip was not
related to King Street.

3.3 Engineering Surveys
Engineering surveys were conducted to measure travel times and
volume of traffic along different corridors of westbound traffic.

Both

total and segmented travel times were obtained for routes originating
in Downtown Hamilton and terminating in West Hamilton (see Figure 1).
Meanwhile, at different sections of the chief westbound roads, traffic
counts were taken during the afternoon peak hours.

3.4 Data Used in This Study
This research utilized the work trip information of Phases 1 and
2.

For comparison purposes, only those workers appearing in both inter

views were considered.

This gave a total sample of 190.

In a behavioural

Figure 1:
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framework as was employed by this research, individuals formed the basis
of analysis.

In the context of studying changes, observing the same

group of individuals gives a better idea of how people respond to changed
traffic conditions.

12

CHAPTER 4

DATA ANALYSIS

4.1

Introduction
The purpose of this chapter is to analyse the household data

in an attempt to identify variables for modelling changes in travel
behaviour.

An attempt is also made to check if there is any congruence

between reported and measured travel time data.
results of the household data analyses.
reported and measured values.

Section 4.2 gives the

Section 4.3 compares the

Finally, Section 4.4 concludes on the

travel behavioural changes observed from the household data.

4.2

Results from Household Data Analyses
This section reports the result of statistical analyses of the

King Street data.

Due to the presence of missing information and the

need for control of other variables in certain situations, the subgroups
chosen for analysis differed in many instances, and to avoid confusion
and misunderstanding, the total number of cases in each analysis is
denoted by (N

4.2.l

=

n) where n is the number of valid cases.

Changes in Travel Time (Table l)
The change in reported travel time between the two periods 

before and during closure - was very small, only .81 minute.

This

represents a 3 percent increase and can only be significant when the

Table 1:

Significance of change in travel time: within groups and between groups
(travel time in minutes)

Within Group
Change
tb- ta
% change

Group

Sample
Size

Time before
(t )
a

Time during
( tb)

All

124

26.98

27.79

.81

3

Bus

10

39.00

42.80

3.80

10

1.18

Auto

114

25.93

26.47

.54

2

.89

Peak

39

29. 77

32 .03

2.26

8

1.96**

48

26.54

26.60

.06

.2

.06

6

25.83

30.00

4 .17

16

1. 54*

Off-peak
Same route
at peak
Different
route at
peak

19

25.21

26.58

1.37

5

T-value

Between Group
Change

T-value

1 .30*
3.26

.99

2.20

1.40*

2.80

.87

.86

* one tail significance of 10%
** one tail significance of 5%

w
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10 percent level is accepted.
Generally, the increase was greater during the peak period of
traffic (8% as against .2% at off-peak hours), for bus-riders (10% as
against 2% for auto-users), and for people using the same routes (16%
as against 5% for those usirig a different route).

The magnitude of

the change for peak travellers was significant at 5% and that for users
of the same routes was significantly at 10% (Table 1, Column 6).

The

difference in the magnitude of average travel time changes between the
groups in each pair was moderate (Table 1, Columns 5 and 7).

Yet the

differences in these average travel time changes were statistically
insignificant (Table l, Column 8).

4.2.2 Changes in Travel Behaviour
For the sample as a whole, the proportion changing mode was
very small, less than 10%.

However, the proportions changing route

and time of day (here defined as hour of leaving work) were high, over
60% for both.
It should be noted that over 80% of the people favoured the
car as a means of travelling to and from work.

Between auto-users and

bus-riders, the magnitudes of mode change were roughly equal, four
from auto to bus and six from bus to auto.
As the main artery of the city, King Street, before closure,
accommodated 70% of the westbound traffic.

During the construction

period, it suffered a large proportional drop.

Diversion from King

Street is of special interest to us (Table 2).

Only 17.6% of the King

Street users continued using King Street; the bulk of the rest used
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Table 2:

shift from King Street during the King Street closure (as
percentage of original King Street users, N = 91)

%
York-Dundurn
King
Aberdeen
Mohawk
Bus
Others*

48.4
17.6
18.7
3.3

5.5
6.6

*including trips no longer related to the screenline.

Figure 2: Frequency distributions in time of leaving work:
before and during King Street closure
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Table 3:

change in time of leaving (in percentage)

Between 3.30-6.30 P.m.
(N = 95)

Between 4.30-5.30 p.m.
(N = 52)

Leave earlier

29.5

17.3

No change

42 .1

53.8

Leave later

28.4

28.8
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Dundurn or Aberdeen, the two official detour routes.
As for time of day change, the frequency distributions of
those who left work between 3:30 p.m. and 6:30 p.m. for both periods
show that during the closure period, more people reported leaving their
work places at times not by the 15-minutes intervals than before
closure (Figure 2).

This implies that people did make alterations in

their hour of leaving.

In fact, about 40% of the people kept their

ususal time of leaving and there were roughly as many people who left
earlier as those who left at a later hour (Table 3).

During the peak

hour from 4:30 p.m. to 5:30 p.m., the proportion not making any changes
was higher.

This either reflects that less people leaving within this

time had flexibility in choosing their hour of leaving or a fifteen
to-twenty minutes' difference did not get them home much faster.

4.2.3 Behavioural Changes in Relation to Travel Time Changes
Travel time increased more for non-changes of mode and route,
and interestingly enough, for those who changed their time of leaving.
Except for the time of day choice, marginal signficance existed in the
difference

beb~een

travel time changes for changers and non-changers

(Table 4).
No significant relationship was found between change in travel
time and change in travel pattern. For the 135 people who had not changed
job locations, 11 people changed mode and reported an average travel time
decrease of 11 minutes; for those who had not changed mode, the increase
was .81 minutes.

Their difference was significant only at the 9% level.

For the same group, analysis of variance gave an F-value of .9
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Table 4:

chanae in travel time 1 with respect to change in mode, route
or time of day.

Same
Choice

Different
Choice

.81

-11 .00
(N = 11)

Mode

= 124)

(N

Route
(N

2.00
= 23)

Time of day 2 (l)

= 33)

(N

= 33)

-11 .81

-1.45*

- . 31

2. 31

l. 55*

= 59)

4.20
= 15)

-3.60

-1 .7o**

(N

-.43
= 14)

l.03

.71

(N

.60

(2)

T-value

(N

.60

(N

Between Group
Difference

*one tail significance of 10%
** one tail significance of 5%
1A positive sign denotes increase and vice versa.
2Time of day
(1) The different choice is leaving earlier
(2) The different choice is leaving later
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Table 5:

change in travel time in relation to change in the time of
leaving.

Chan9e in travel time 1
tin minutes)
4.20

Leaving earlier
(N

=

(N

= 33)

Leaving at same hour

Leaving later

15)

.61

-.43
(N = 14)

1 A positive sign denotes an increase and vice versa.

21

(significance= .34), strongly indicating the lack of association
between mode change and travel time change.
Again, analyses showed a lack of relationship between route
change and travel time change.

For a sample of 82, the observed

Chi-square with two degrees of freedom was 3.81.

It might be interesting

to note that a high proportion of those who remained on the same route
reported no change in travel time between the two periods - the proportion
was 45.7% for the whole group, 54.2% for auto-users and 71.4% for auto
users travelling at peak hours.

Moreover, of those taking a different

route, only 40% reported a time increase and 36% of the peak-hour
travellers reported that travel time actually decreased.

This may

explain the insiginficant relationship between route change and travel
time change.
Changes in the time of leaving were found to be unrelated to
change in travel time.

Analysis of variance calculated an F-value of

2.39 which is significant at only the 10% level.

The purpose of changing

time of leaving is to avoid unfavourable increase in travel time.
Average reported travel times were calculated for the group leaving
between 3:30 p.m. and 6:30 p.m. both times (Table 5).

Except for those

who left early, there was hardly any change in travel time.

It is

understandable that those who left at the same hour as before and those
who left later had chosen the best time to leave, but it is harder to
understand why those leaving earlier suffered a travel time increase of
4 minutes.
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4.2.4 Behavioural Changes in Relation to Hour of Leaving
No relationship existed between route change and the hour of
leaving work.

The proportion of peak-hour travellers who had changed

routes was only slightly higher than that of non-peak travellers,
75.9% versus 71.4%.
However, change in the time of leaving was found highly related
to individuals' time of leaving during the King Street closure period.
A Pearson correlation test indicated that they were negatively related.
For a sample of 83, the correlation coefficient was -.3523, significant
at .001 level.

It is plausible to assume that the preference of the

chosen time of leaving truly reflected people's decision to change and
their response to change.

4.3

Reported Versus Measured Values
It was expected that change in travel time due to changed

traffic conditions would play an important part in changes in travel
behaviour.

This hypothesis is not substantiated by analyses of the

household survey data.

4.3.l

Comparison Between Reported and Measured Travel Times
It has been noted from Section 4.2 that the reported change in

travel time was very small.

The change does not correspond to the

change observed from the measured data.
The scattergram in Figure 3 indicates that the travel times
reported one time did not differ much from those reported in the other
time.

For those people not changing their routes home, their average

23

Figure 3:
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change in reported travel times are tabulated (Table 6).

Due to the

control of variables, changes in reported travel times were obtained
only for King Street and Aberdeen Avenue.
change was not more than five minutes.

Even in peak hours, the

For comparison purposes, these

results can be compared to the measured changes in travel time.
Measured travel times for some routes specified in Figure 1
are reported (Figure 4).

It indicates that travel time during the

closure period inceased considerably for all routes.

In fact, during

the peak period, there were a nine minutes' increase for York-Dundurn
users and a seven minutes' increase for King users.

The measured travel

time increase was smaller for those using Aberdeen Avenue and Mohawk
Road.

The engineering survey data also show that the change in travel

times differed between peak and off-peak periods; the change was greater
during the peak period.
So far, the discussion centers on auto-users only.

As for bus

riders, they reported an average travel time increase of about four
minutes.

Yet, the Hamilton Street Railway Company said that during

the closure period, there were neither reports of bus schedule delays
nor changes in bus schedules.

This implies that the level of bus service

remained the same.
4.3.2

Reliability of reported travel times
The difference between reported and measured travel times raises

the question of whether or not reported travel times are reliable enough
to be used in travel choice modelling.

This issue has been discussed
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Table 6:

average reported travel times for King Street and Aberdeen
Avenue (in minutes)

Peak

Off-oeak

King

Aberdeen

King

Aberdeen

5

2

4

4

28.30

17.50

27.50

14.75

32.00

22.50

27.75

14.50

Change in
travel time
(b-a)

4.00

5.00

.25

-.25

T-value

1.37

1.00

.06

-.24

N

Travel time
before closure
(a)

Travel time
during closure
(b)
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Fiaure 4: Measured peak travel times before and during closure
(in secondsJ
Route 2
(York-Dun durn}

Route 3
(King)
0

1184 0

628

Route 4
(Aberdeen)

Route 5
(Mohawk)

0

975

Travel time before closure
Travel time added during closure
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many times previously, and has not been fully settled: there are problems
associated with each (Watson 1971).

Stopher and Meyburg (1976) have

suggested that a good explanatory model should be based upon reported
values and prediction should use measured values (p. 37).

However, in

this case of changed traffic conditions, measured travel times would
have superiority over the reported ones even in explanatory modelling.
This is because the models are intended to explain changed behaviour
and the reporting error is great.

Comparing reported times with measured

times calculated for the individuals shows a reporting error of five to
fifteen minutes.

This is likely due to the fact that people incline to

report travel times in multiples of five minutes.
4.4 Conclusion
In this work trip study, we were particularly interested in
changes in mode, route or time of day.
Many models of mode choice suggest that an increase in auto travel
time should induce higher transit usage.
found in this study.
10%.

However, such a change was not

The percentage of mode change was very small, about

There are two possible explanations for this insignificant change.

Perhaps, the travel time change was not enough to induce mode change.
Or perhaps, this is related to the fact that during closure, buses
remained running along King Street whereas auto-users had a choice in
changing routes.
Route change was fairly significant but it was not related to
either time of leaving work or reported travel time.

This is largely

because route change in this case was a forced behaviour.

Most auto-users

were forced off King Street, but the selection of an alternate route
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was free.

Travel time is important in route selection (Wachs 1967, Thomas

and Thompson 1971).

However, the household data did not permit, on a

statistical basis, exploration on why particular routes were chosen.
In the case of work trips, time of day is relatively fixed and
the degree of flexibility for individual travellers is limited.

Any

changes in time of day will be important for people who want to avoid
congested traffic and prevent any undue frustration.
changes in time of day were observed.

In this study,

60% of the travellers reported

a change in time of day, but reported travel time did not account for
their time of day choice unless the 10% significance level was accepted.
The only highly statistically significant relationship observed in this
study is the correlation between the amount of time shift and the selected
time of leaving.
Two conclusions can be drawn from the data analysis.
people did not perceive a travel time difference.

First,

Second, to model change

in travel behaviour in the case of King Street closure, it is suggested
that measured values of travel time are more reliable than reported values,
and that the time of day choice represents a more reasonable decision to
make than mode choice or route choice.
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CHAPTER 5

THE TIME OF DAY LOGIT MODEL

5.1

Introduction
Most studies (for example, Charles River Associates 1976,

Domencich and McFadden 1975) model time of day choices for shopping
trips because the degree of flexibility in the choice of time is much
greater for discretionary trips than for work trips.

The relevant

choice set usually consists of off-peak and mixed-peak travels.

In the

case of the King Street closure, changed traffic conditions accompanied
by increased congestion led to an attempt to model time of day for work
trips.

The relevant alternatives are identified to be leaving at the

same hour as before, leaving earlier or leaving later than usual.
This chapter describes the time of day multinomial legit choice
model.

A brief outline of the legit model and its estimation technique

are presented.

5.2 The Legit Model
5.2.l

Reasons for selecting the logit model
The logit model has been selected for this research because of

its proven value as a technique of disaggregate travel demand analysis.
Previous research has indicated the workability and usefulness of logit
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models of individual choice (for example, Charles River Associates
1972, Domencich and McFadden 1975, Liou and Hartgen 1975).

There are

four modelling techniques - linear probability, discriminant, probit
and logit - to choose from and the reasons for selecting the legit
model are:
(1) Linear probability models do not restrict the dependent
variables, which are interpreted as probabilities, to
values between 0 and 1, even though a two pass least
squares method can overcome the problem of heterosce
dasti city in the error terms of linear regression
analysis.
(2) Discriminant analysis operates on classification of
groups rather than on a choice framework, and this is a
conceptual difficulty in behavioural modelling (Watson
1974).
(3) Logit and probit models have similar predictive abilities:
they calculate similar choice probabilities.

Conceptually,

the probit model is more satisfying as it requires less
stringent assumptions about the distribution of error
terms.

However, computationally, the logit model is

simpler, particularly in the multinomial case.

This is

the main reason why most studies utilize the logit model
(de Donnea 1971).
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5.2.2 The multinomial legit model
The theory and estimation of the logit model have received
frequent attention in the literature (CRA 1972, McFadden 1974, Ben-Akiva
1973).

Detailed derivation of the model has been discussed elsewhere

(for example, Domencich and McFadden 1975).

To specify more clearly

the objectives of the modelling approach here, it is helpful to present
a brief outline of the logit model.

The underlying assumption of the disaggregate choice model is
that an individual maximizes his utility.

His utility for an alternative

is assumed to be a function of three components: observed attributes of
an alternative, socioeconomic characteristics of the individual, and a
random component due to omitted influences.

where:

That is,

uit is utility of alternative i for individual t,
X is a vector of observed attributes describing the alternative,
S is a vector of socioeconomic variables characterising the

individual,

V is a function describing the observed component of utility,
and

e

is a function describing the probabilistic component of

uti 1ity.
The random component is assumed to have a distribution identical
to the Weibull distribution.

It can be interpreted as effects specific

to a particular alternative.

Then it can be shown that

32
exp

where:

V;

(2)

Pit is the choice probability of individual t choosing
a 1ternati ve i ,
J is the set of alternatives available to the individual,

More usefully, if V is assumed to be linear in parameters, equation (2)
can be written as

(3)

where:

e is a vector of parameters of observed attributes,
K is a set of socioeconomic variables,

and

f ..

= 1 if skis specific to alternative

f;j

= -1 if sk is specific to alternative j.

lJ

This resuH is derived from the random utility model, but it has
the same form as that derived from the strict utility model (Domencich
and McFadden 1975), (Smith 1977).
5.2.3 Assumptions
The underlying logic in the legit model is that there exists a
set of discrete, identifiable alternatives among which an individual
selects only one.

There is also a set of attributes relating to each
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alternative and to the individual making the choice.
In the multinomial logit model, the key assumption is the
independence of irrelevant alternatives (IIA).

The choice model assumes

that the ratio of probabilities of choosing two alternatives is invariant
to the attributes or existence of a third alternative, i.e.

p.
l

=

~

J

exp u.i
exp U.

(4)

J

where P., P. represent probabilities of choosing alternatives i and j,
l

J

and Ui' Uj represent utilities obtained from the alternatives.
The IIA assumption has been a controversial issue especially in
problems of forecasting demand for new modes.

The IIA property states

that if two modes are available and a new mode is introduced, the ratio
of the probabilities of the two modes will be unchanged regardless of
the choice probability for the new mode.
Analysis by Charles River Associates (1976) has indicated that
the IIA property is not an inherent drawback of the multinomial logit
model.

Violation of the independence assumption can be tested and it

only occurs when unobserved attributes have common values in two or
more alternatives or unobserved attributes have a systematic relation
ship with observed attributes.
5.3

Estimation Techniques
Maximum likelihood methods are used to estimate the value of

the parameters in the multinomial logit model.

Domencich and McFadden

(1975) have shown that the maximum likelihood estimators are the best
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in the context of travel choice modelling.
The maximum likelihood estimate of a parameter is that value
of the parameter which maximizes the value of a particular function
known as the likelihood.

A likelihood function describes the probability

of observing a given choice sample when the distribution of the underlying
random component of utility is known.

For logit model estimation the

underlying distribution is assumed to be Weibull (or Gumbel) (CRA 1976,
p. C-167) and the likelihood function is given by:

L (e)

where:

=

n

J

TI

TI

t=l j=l

PJ.t

o·t
1

(5)

n is the sample size,
J is the set of alternatives available to individual t,

Pjt is the probability that individual t chooses alternative j,
cit equals 1 if alternative i is actually chosen by individual
t, and 0 otherwise and e is a vector of model parameters.
We seek to find estimates of the parameters

e which

likelihood of observing the sample used in estimation.

maximize the

This leads to the

specification of

aL(e)
aek
and

= 0

a2L(e)
aek aek'

<

(6)

0

vk

(7)

Normally, this maximization procedure is performed on a log transformation
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of the likelihood function to simplify the computation process.

1n L( e)

=

n

J

E

L:

t=l

j=l

ait

Thus

(8)

1n PJ. t

McFadden (1968) has shown that the

e which

maximize the likelihood

are unique and possess optimal asymptotic properties provided that the
explanatory variables are not multicollinear.
The optimum values of the parameters are found by using the
Newton-Raphson search technique in an iterative procedure.

Starting

with an initial estimate of e, the estimated value of e is adjusted as
fo 11 ows:

=

en -

~L*(e n ) ) (~o 2 L*(en))-l
aen
ae2

( o

(9)

n

where n is the number of iteration
and L*(e ) is the logarithm of the likelihood function as a function
n
of the parameter
values en .
.
5.4 Tests for Statistical Significance
Three statistics are used in this study.

They are the t-statistic

used to test if individual coefficients are significally different from
zero, the x2 statistic used to test that the entire vector of coefficient
estimates is different from zero, and the p 2 statistic used to test the
overall goodness of fit of the model (Smith 1977).
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5.4.l

The t-statistic
Theil (1971, pp. 396-397} has shown that the negative of the

inverse of the matrix of second derivatives of L*(e) - the maximum
value of the log likelihood function - is the variance-covariance
matrix of the coefficient estimates.

Thus we may test the simple

hypothesis that any given parameter differs from zero with a t-statistic
defined as the ratio of the parameter estimate to its standard error:

=

t

5.4.2

e

Jvar

( 10)
§

The x2 statistic
The x2 statistic is used to compare the strength of the estimated

model to the null model which sets all linear coefficients equal to
zero.

This statistic is defined as

x2 = -

2 [l*(O) - L*(e)J

(11)

Thiel (1969) has shown that this statistic is asymptotically chi-square
with degrees of freedom equal to the number of coefficients.
5.4.3 The rho-square statistic
This statistic, defined as

p

2

( 12)
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is analogous to the multiple correlation coefficient (R 2) in linear
regression models.

It represents the ratio of the explained log like

lihood to the total log likelihood.

It lies between 0 and 1 with higher

values connoting improving goodness of fit and can be used to compare
alternative models estimated on the same data set.
5.5

The Time of Day Logit Model
This choice model made use of information from both reported and

measured data in the King Street study.
consisted of 60 cases.

The sample used in estimation

They were restricted to those leaving their work

between 3:30 p.m. and 6 :30 p.m. both before and during King Street
closure.

This avoids including individuals working shifts.

Further,

the period specified should receive the greatest impact of changed
traffic conditions.
5.5.1

The choice set
The model assumed that the individual traveller faced three

alternatives with regard to the time of day choice.

They are (1) leaving

earlier than usual, (2) leaving at the same hour as before, and (3)
leaving later than usual.

The original hour of leaving (i.e. before

closure) was taken to be the normal hour of leaving.

The time of

leaving during closure was the chosen alternative of the individual.
For the alternatives

11

leaving earlier and "leaving later", if they were
11

not the chosen alternative, they were assumed to be fifteen minutes
before or after the normal time of leaving.
assumption supported by the data set.

This is a plausible

Analysis on the household data
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showed that for those making changes in the time of leaving, the
average change was 17 minutes.

This assumption helps to calculate travel

times and congestion index for each alternative.
5.5.2

Definition of variables
Travel time and a congestion factor are the most relevant variables

in this situation.

They are represented as generic variables, i.e.

varying over all alternatives.
Based on reported information on time of leaving and route selected,
measured travel times from origin to destination were calculated for
each individual in the sample.

It is assumed that the changed traffic

condition only affected that segment of the trip from downtown Hamilton
to the Highway 403 screenline, i.e. as represented by the routes indicated
Both total and segmented travel times were available for

in Figure 1.

the specified routes before and during closure.

Then the other two

legs of the trip, i.e. from work place to downtown if not working in
downtown and from west of 403 to home, were calculated based on interzonal travel times obtained from a mini-path method.
Congestion is not readily measurable as a generic variable.

The

congestion index used in this model ranged between 0 and 1, with 0
indicating the individual travelling at the most congested time.

Peak

congestion for the various routes was identified from the traffic counts.
The congestion index is defined as

CI

=

f Peak

- Time of leavingl
60
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Traffic counts showed that the volume of traffic stabilized at times
an hour away from the most congested period of travel.

So for people

travelling an hour before or after the peak-time, their congestion
index was 1.

Otherwise, the scaling factor 60 was used to give a monotonic

function to the congestion index.
5.5.3

The Results
Two models were calibrated.

The first employed only generic

variables specified in the previous section.
addition of a time specific constant.

The second model had the

Alternative 2 - leaving at the

same hour - was specified with the value of 1.
The maximum likelihood method estimated the following results:
For model 1,
p.

1og

1

P.

= •026 ( TI i

J (j r!i)

( .256)

- TT j ) + . 498 ( CI i - CI j )

( .581)

.

For model 2
p.

log -p.1
J

= .656 + .00004(TT.1 - TT.)+ .696(CI.1 - CIJ.)
(2.48)* (.0004)
J
(.758)
(j ti)

P.

where:

log

i,-

is the odds of choosing alternative

J

i over alternative j,
TT is travel time for the individual,
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and

CI is the congestion factor associated with the individual's
time of leaving.
In both models, travel time is very insignificant and is not even

of the correct sign.

The congestion variable has the expected sign but

once again very insignificant.

The only important term in the two

equations is the constant term, significant at a

2~2%

level.

Chi-square statistics of .34 for Model l and 6.418 for Model 2
support the null hypothesis that the whole vectors of parameter estimates
are equal to zero, although the second model is certainly an improvement
over the first one.
The overall fit of the models is poor.

The rho-square statistics

are extremely small, .003 and .049 respectively for Models 1 and 2.
What the results indicate is the time of day decision in this
situation of traffic condition changes is not affected by any time- or
congestion- related variables.
for any shift occurrences.

It is the random component that accounts
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CHAPTER 6
SUMMARY AND CONCLUSION

6.1

Summary
This study of changes in travel behaviour finds no strong corres

pondence between behavioural changes and traffic condition changes.

In

the Phase 1 and Phase 2 studies of the King Street Closure Project,
reported travel time changes were found to be small and insignificant.
There were some significant changes in route and time of day.
were largely forced changes.

The former

Time of day choices, however, were unrelated

to both reported and measured travel times.
6.2

Conclusion
There are two possible explanations for the independence of

behavioural changes and traffic condition changes in this study.

First,

although there is an increase in travel time, the change by itself is not
great enough to induce behavioural changes.

This, perhaps, is related

to the fact that people realize that the change in traffic condition is
only temporary.

Observed behavioural changes are better interpreted as

random occurrences.

Second, Phase 2 surveys were conducted a month after

partial closure of King Street; the adjustment period may not have been
long enough for people to restructure their decision.

Hopefully, Phase

3 of the Project can show some sort of relationship between change in
behaviour and change in road congestion.
In the time of day multinomial logit model, the insignificance
of travel time may be due to the lack of variation in travel times among
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the alternatives.
The prime objective of the study is to relate behavioural changes
to traffic condition changes to serve some policy-making purposes.

Though

the results are not significant, the behavioural analysis can be useful.
It has indicated that moderate changes in the travel environment are not
likely to affect the decisions of most of the population.

APPENDIX A
(Survey 1)
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Transportation Improvement Survey
McMaster University
Departments of Geography and of Civil Engineering
Transportation Research Group
Zone number
Address
Dwelling type

~~~~~~~~

Interviewer
Date
Respondent

Hello, I am from McMaster University and I'm interviewing people as part of a
study designed to improve transportation in this area. Could you spare me about 10-15
minutes of your time?
First, I would like to ask you some questions about the trips to work by members
of your household.
1.

Who in the household works outside the
home? [If more ::han one person is
named, make sure each is identified
unamb·-tguously here. Ask the following
questions for or.c person, then go
through the list again for the eeoond
person, etc.]

2.

By what means of transportation did
you [he/she] get to work today?

3.

Approximately what time did you
[he/she] start home f'"om work today Lyeaterday]?

4.

a.
b.

Where do you [does he/she] work?
[If in HamiZ~on:] Could you tell
me the nearest street inter
section? [OY·, accept the name
of the firm and the street it
is en. ]

5.

H,QW many times a week

travel to work?

do

you [does he/she]
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Now, I would like some information about your household's recent shopping trips.
1.

2.

ch member of this house ho 1d made the 1ast major grocery
purchase? (i.e. greater than $10.00)

i~hi

What day was that trip?

[Interviewer put sufficient data to

identify date] .

Roughly what time did you [he/she] start that trip? [Interviewer
put hour].

Roughly what time did you [he/she] get home?
3.

What means of transportation did you [he/she] use for the trip?

4.

Where did you [he/she] shop?
store and street].

5.

Did you [he/she] just go to the grocery store on that trip or
did you [he/she] do other things such as stopping at the bank
or hardware store or visiting friends? [Interviewer indicate

[Nearby intersection or ncune of

whether other stops were made and describe such stops].

Now, I have some questions about the last two shopping trips by members of your house
hold on which things other than groceries were bought. On the most recent trip of
this kind •.. [Interviewer go through questions 1 through 6 for most recent trip;
then repeat for the preceding trip]. On the last trip before that one .•.
Trip l
(most recent)
1.
2.

Which member of the household made the trip?
What day was that trip made?

[Interviewer

identify da.te].

3a. Roughly what time did you [he/she] start
that trip?
3b. Roughly what time did you [he/she] get

home?

3c. What means of transpcrtation did you [he/
she] use for the trip?
4.

Which of the following shopping
areas were visited? [ShOLJ

lst stop

pr>in ted

2nd stop

card with Zis t of areas.
If an unlisted area was visited
identify it and list it].

3rd stop

Trip 2
(least recent)
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5.

Now, I'd like to know what you [he/she] bought at each centre and
any other kinds of errands which were run on that trip, such as
taking children to school or visiting friends. [Check categories
volunteered by respondent, do not read list. ]

Centre
Goods
groceries
beer/liquor
drugs/cosmetics/toiletries/
sundries
clothing/leather goods/bedding
kitchenware/houseware/infants
goods/small appliances
hardware/sports, camping equip~
ment/toys/games
jewelry/watches
records/books
furniture
major appliances
other (specify)
Services
banking
dry cleaning/laundry
restaurants
hair dresser/barber
appliance repair
doctor/dentist
other (specify)
Non-shopping
(specify)

6.

Can you estimate how much you
[he/she] spent at each centre?

Trip 1
(most recent)
1
2
3

r--~-+-~~+-~----1

Trip 2
(least recent)
1

2

3
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7.

Could you estimate how long it takes to get to the following shopping
areas by car and by bus? In each case I'd like the trip-time in
cluding parking or waiting for the bus - that is, the time from your
door to the door of the first place you enter. I would also like
the return-trip time by car.
Time to get
there by car

Centre
Ancaster
Burlington
Dundas - downtown
- University Plaza
Hamilton - Westdale
- between Bay and
Dundern
- Jackson Square
and downtown
- east of Victoria
- Centre Mall
- Eas tga te Ma 11
- Upper James

Time to return
by car

Time to get
there by bus
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I would like to ask just
your household.
1.

How many

2.

How many of these are in
categories?

peopl~

1-ive

a

few additional general questions about

;·121':~?
~ach

of the following age

5 or less
6 - 15
16 - 25
26 - 64
65 +

3.

Which members of the household have a driver's
licence? [Use same identifiers as before].

4.

a.

How long have you 1 i ved at this address?

b.

[If Zess than one yem-iJ ] i·Jhere did you 1i ve before?

a.

How many cars all'a avail ab.le to the household?
[Include light tl•ucks or vans.]

b.

How many motorcycles?

5.

6.

I\.:;

Can you indicate which of these categories [hand card]
represents the combined annual income of all members
of the household?
Less than 10,000
10~000

- 14.999

15'.JOOO - 19,999
20 '000 - :?.9 '. 999
30 '000 -:·

7.

Do you own or rent this dwe i 1i ng·:i

Thank you for your assistance. I'd like to speak briefly with
each person who made a work trip to obtain some more detailed information
about their trip. (Or. if 1·10ri<er clearly not home: I'd like to leave
a form to be filled .wt :·v e:c;1 per~:; on •·ihn nia.cle a. vwrk trip, and a stamped
envelope in .'ihich t.J :n(~i·I ·r [_;;c;,.:;k t~~ ;_:so fin in addresss person, work
place, and date, and hailJ form(s) tJ ;-e:;pondent.J This form can be easily
filled out in less than five minutes., [If r·espcndent says she can answer
those questions for others, Zet t'~er,; but if any hesitation occurs, offer
1

once more to leave the form. ]
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Transportation Improvement Survey
McMaster University
Departments of Geography and of Civil Engineering
Transportation Research Group
Person making trip _ _ _ _ _ _ _ __
Place of work

Work Trip Information
Zone - - - - - - - 
Address

OTHER

AUTO DRIVER
1.

For your trip to work on
transportation did you use?

, what means of
[Please check the appropr~ate box]

2.

For that trip, what, if any, other means of transportation
were available to you?

3.

What were the primary streets (such as Main Street) you
used to travel fr0m work to home? (Or, which bus route(s)
did you use?) - - - 

4.

How many minutes did the trip to work take?
How many minutes did the trip from work to home take?

5.

How many minutes would the trip take by the other
available means of transportation?

· Tu ·work

· · From work

6.

Please identify the time each of the following segments
takes or would take for the trip from work to home, for
each available means of transportation:
a) from the door at work to the bus/car;
b) waiting time (for the bus, or to get out of a
parking lot);
c) time waiting on transfers;
d) dr~ving time or time on the bus;
e) from the vehicle to the door at home.

7.

What is or would be the monetary cost to you of
making the round trip by each available means of transportation?

8.

How many of your trips to work in the last two
weeks have been made by each ava:~lable means of transportation?

9.

What time of day have you
during the past week?

10.

usually left work

Can you choose the time when you leave work?

(

BUS

AUTO PASSENGER

I

I

I

I

[

CJ

I

I

CJ

I

I

u

J

1----1

APPENDIX 8 (Survey 2)
Transportation Improvement Survey
McMaster University
Departments of Geography and of Civil Engineering
Transportation Research Group

49

The questions on this page are about the trips to work by members of your household.
How many members of your house ho1d usually work outside the home? [If no one does_, :;J:ip
the rest of this page, crad go to t1-.a n..e::;t

pc.ge a f the qu.estiormaire] •

In what city or municipality does each of these
people work?

IWorker

1

Worker 2

~~~~~~~~-

~rork2r

3

--~~~~,__~~~~~---~~~~~~-----

[Please answer the foUor.vi1'1.g questions for eacf: ?Jc;rson. whose trip to or from work
crossing high~iay 403.]

-:>v~1 lved

What is the nearest major intersection to the
place of work?
What means of transportation were used for the
trip from work to home on Thursday August 4th
[If any individuals who norma.Zly tra:J:9l t;o 1.:Jo1-ik
did not do so on that d.ay (because of vacation,
illr2ss, or vhatever), please c.nsver the qv...estiOY'.. S
for the last -trips made. ]

I

Approximately what time did the worker start
from work on Thursday?
What were the primary.streets used.to get home
from work on Thursday? (Or what bus route was

_b~

used?)

How many minutes did the trip from work to
home take on Thursday?
What was the monetary cost of the trips to
and from work on Thursday?
What other means of transportation were
available for that trip.
How many minutes would each of those means
have taken for the trip home from work?
What \ 1ou l d have been the monetary cost of
the trip to and from \'/Ork by each of the
other means?
If the bus was either used or available
for the trip home from work on Thursday,
please estim~tc:
a. the time from the door .at work to
the bus stop;
b. the time waiting for the bus;
c. travel time on the bus;
d. time waiting during any transfers;
e . . the time from the bus stop to your
door at home.
1

J

'
.
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The questions on this page are about grocery-shopping trips by members of
your household. The questions refer to the la~t shopping-trip on which
someone in your household spent at least $10.00 for groceries.
1.

What day was the most recent major grocery-shopping trip {as a trip
to the market) made? That is, on what day did someone in your house
hold spend at least $10.00 for groceries? [date]

2.

What time did the trip start?

[hour of day]

3a. Which members of the household went on the trip?
son, daughter, mother and baby, wife]

[e.g. father and

3b. Were any children under age 12 taken on the trip?

4. · When did they get home?

[hour of day]

5.

What means of transportation did they use?

6.

Where did they buy groceries?
intersection]

7.

8.

[nafiie of grocery stare

...... ...1

UJl\.l

n2arby

Did they just go to the grocery store or market on that trip?

,"f grocery store only·)

IM,.,I
ICV

.;+
I I

r.+hc;i.,...
V
1,..11.._1

5+nn5
vV }-'

If other stops were made, describe them.
clothing, went to the bank]

hlOY.O
•t'-1 ._

['Yes'

r:':'.')f'-1a].

lit.... -..._

[e.g., bought hardware or
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This page concerns the last shopping trip made by any member of the household
on which things other than groceries were bought. Please do not describe a
trip v1hich was Tilade solely to buy groceries. Bu"t if you bought groceries and
other things on your last shopping trip then describe that trip.
1.

What day was the most recent shopping trip made (apart from trips made for
groceries)? [date]

2.

What time did the trip start?

[hour of day]

3a. Which members of the household went on the trip?
mother and baby, wife]

[e.g. father and son, daughter,

3b. Were any children of under age 12 taken on the trip?
4.

When did they get home?

[hour of day]

5.

What means of transportation did they use?

6.

Which shopping centres did they visit?

[check boxes]

FIRST STOP

Ancaster
Burlin__g_ton
Dundas - downtm-m

-

.· SECOND STOP

THIRD STOP'



- JJnf vers 1 t_y Plaza

-·Pleasant Valley Plaza
Hamilton - Westdale
- between Bay &
Dundurn
- Jackson Square &
downtown
- east of Victoria
- Centre Mall
- -ra s-fga te Ma lT
- Mountain
U_Q_Q_er Wentworth & East
- Mountain

West of Upper Wentworth
(including Upper James)
- Na fo -Sfreet

v12st OT

Hi_g_hwa_y 403

- Other [name]

7.

What kinds of goods were bought at
each·centre?

8.

Can you estimate how much
was spent at each centre~

9.

What else was done on this trip?

~oney

I

·----I
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This page concerns travel-times to various shopping areas. An identical
qu~stion was asked in the first questionnaire.
But we would like to know
hm·1 travel tir.ies have changed since you v1ere interviewed. Please re-estimate
all travel times, whether you think they have changed or not. We realize that
you may be uncertain about travel-times to some places and that some of the
differences between your first answers and those you give now will reflect that
uncertainty rather than any rea 1 changes. It is sti 1l useful to us, however, to
have new estimates of all travel times. In all cases we would like total trip
tine, including parking or waiting for the bus - that is, the time from your
door to the door of the first place you enter. Estimate the trip-time for a day
and hour at which you often shop. E.g. "Saturday at 11 :00 a.m. 11 or 11 Thursday
at 3:00 p.m. 11 •
Centre

Time to get
there by car

Time to return
by car

Time to get
there by bus

Ancaster
Burlington

Dundas - downtown
- University Plaza
Hamilton - Westdale
- betvreen Bay and

Dundern
- Jackson Square
and dmvntmm.

- east of Victoria
- Centre Ma 11
- Eastgate Mall
- Upper James

These estimates are for
(hour of day).

---~--~~~~-

(day of week) at about

-~~~--------
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