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EXECUTIVE SUMMARY

1 Introduction

As a result of the Kyoto Summit in December 1997, the federal
government is developing strategies to reduce greenhouse gas (GHG)
emissions in Canada. A key challenge to reaching this goal is urban
transportation, which is a major and growing contributor to GHG
emissions in Canada. This is largely due to increasing levels of
private automobile use, together with declining rates of public

transit use in most Canadian cities during the past decade.

Many studies demonstrate that there is a strong link between
automobile ownership and use and the way communities are planned,
designed and implemented. To date, little work has been done on
quantifying the extent to which transportation energy consumption
and emissions can be reduced as a result of alternative neighbourhood
development scenarios.

Objectives

This study develops a model of GHG emissions from personal urban
transportation given variations in neighbourhood characteristics,
including community and housing design, socioeconomic make-up,
and locational factors. The results provide valuable insight into how
communities can be designed and planned to reduce GHG emissions
from passenger travel in urban areas.

The main purpose of the study is to develop a user-friendly
spreadsheet tool to make the mathematical model easy to use in
evaluating development proposals in terms of GHG emissions.

The user inputs data on the characteristics of the neighbourhood

and the tool forecasts the annual per household GHG emissions from
transportation. In this study, the results supplied by the tool are used
in discussing the sustainability of nine neighbourhood scenarios that
embody a wide range of contrasting locational and neighbourhood
design characteristics.

2 Modelling Approach

Data on vehicle ownership, automobile vehicle-km of travel (VKT),
and passenger-km of travel on public transit (PKT) per household

in the Greater Toronto Area (GTA) were obtained from the 1996
Transportation Tomorrow Survey (TTS). This rich data set is based
on a sample of 115,000 households (a 5% sample) in the GTA. The
traffic zone level of aggregation was chosen for the basis of analysis,
as this provides a convenient means for summarising travel data,
and is also compatible with the need to make comparisons at the
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neighbourhood level. The analysis was limited to traffic zones within

the Toronto Census Metropolitan Area (CMA) and to traffic zones
with a minimum number of responding households. The final data
set for model calibration retained 795 traffic zones. Data on the
individual variables that may have an effect on household travel

behaviour were obtained from a variety of sources, including the TTS,

Census data, and data derived from geographic information systems.

It was important initially to gain a thorough understanding of the
individual potential explanatory variables. To this end, univariate
analyses of the individual variable’s impact on auto VKT per
household were carried out. The primary modelling approach

in this study was to develop separate sub-models of vehicle
ownership, weekday auto VKT, and weekday transit PKT per
household using multivariate regression analysis. Multivariate
regression makes it possible to examine how a single dependent
variable (e.g. VKT/household) is affected by the values of one or
more independent variables.

3 Key Variables Influencing Auto Use and
GHG Emissions

The results of the multivariate analysis reveal a number of insights
about the effect of different neighbourhood characteristics on
household vehicle ownership and auto and transit use. Overall,
socioeconomic and locational variables tend to have stronger
influence than neighbourhood design variables.

Socioeconomic Variables:

* The variable with the strongest influence on auto VKT was the
number of vehicles per household.

» To a lesser extent, the number of people in the household is
the second strongest influencer of VKT; the number of people
per household is the strongest predictor of PKT, tied with local
transit service.

* The average number of adults per household is the strongest
predictor of auto ownership per household.

* Household employment income was the second most important
indicator of household vehicle ownership whereas individual
worker income seems to be a better predictor of auto VKT than
household income.

Locational Variables:

» Distance to the Central Business District (CBD) has a strong
influence in all three sub-models. This is the third explanatory
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variable of auto VKT. The model parameters suggest that for
every kilometre a household moves away from the CBD,
weekday VKT per household decreases by approximately 1.0 km.

*  Anincrease in the number of jobs within a 5-km radius
of the neighbourhood centroid can greatly reduce auto
VKT per household as can a high degree of land-use mixing
(i.e. combining residential uses and jobs in an area).

* Increasing local transit vehicle service hours tends to reduce
household vehicle ownership decisions and increase transit PKT
per household. It was tied with number of people per household
as the strongest predictor of PKT. Having close access to a rapid
transit station slightly decreases auto ownership levels and VKT
per household.

Neighbourhood Design Variables:

* An increase in housing density (the number of housing units
within a 1-km radius of the neighbourhood centroid) moderately
decreases vehicle ownership and increases transit travel.

*  Ahigh degree of mixing housing types in a neighbourhood can
slightly reduce auto ownership while increasing the average size
of a neighbourhood’s housing units (in rooms/unit) can slightly
increase auto ownership levels.

* Neighbourhoods with a curvilinear road layout type tend to
have slightly increased auto ownership levels; those with a
rural grid road type have slightly higher auto VKT levels,
all else being equal.

* An increase in the number of intersections per road-km in a
neighbourhood slightly reduces auto VKT, presumably because
it improves connectivity for walking and cycling trips.

¢ Increasing neighbourhood employment moderately reduces
household transit PKT.

» The presence of local shopping opportunities slightly reduces
household auto ownership levels, and also reduces transit PKT
and, as a result, indirectly reduces auto use.

* The presence of wide arterial roads either within the
neighbourhood or on its periphery, slightly increases auto use.

* The presence of bike lanes and recreational paths slightly reduces
auto use.
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Appropriate factors were applied to predicted values of auto VKT
and transit PKT to convert these values into annual GHG emissions
per household. The final models, based on the multivariate regression
approach, were incorporated into an easy-to-use Microsoft Excel 7.0
based spreadsheet tool. All of the variables described above can be
manipulated by a user of the tool to test a variety of development
proposals in terms of GHG emissions from personal travel. The tool
is capable of establishing the relative difference between two or more
neighbourhoods in any large metropolitan area, although the absolute
GHG estimates may not be exact. Appendix A of this report has a
user’s guide for the spreadsheet tool.

4 Neighbourhood and Urban Context Scenarios

Nine contrasting neighbourhood scenarios were subjected to analysis
using the model, executed within the spreadsheet tool. These nine
neighbourhoods are combinations of three neighbourhood designs
and three urban contexts. The three urban context scenarios generally
correspond well to the Inner Area, Inner Suburbs, and Outer Suburbs
of the Toronto Census Metropolitan Area. These are located 5 km,

10 km, and 30 km from the Central Business District, respectively,
and have varying access to employment and transit.

The neighbourhood design concepts are as follows:

» Neighbourhood 1: Conventional Suburban-Type
Development—This neighbourhood concept reflects the
characteristics of modern suburban developments, with typical
low-density single-use residential developments. Street patterns
generally consist of curves and cul-de-sacs extending out to wide
auto-oriented arterial roadways.

* Neighbourhood 2: Medium-Density Development—This
neighbourhood concept tends to have a mix of single detached
houses on medium-sized lots, low rise townhouses and mid-rise
residential apartment buildings. Such neighbourhoods typically
have a higher number of persons than jobs, but still have
significant opportunities for self-containment in terms of local
employment. The road layout would mainly be curvilinear,
but with some continuity and connectivity for transit vehicles
and pedestrians.

» Neighbourhood 3: Neo-Traditional Development—This
neighbourhood concept represents a return to communities
that are more “friendly” to pedestrians, bicyclists, and transit
users. The road layout type is generally a grid pattern of closely-
spaced streets with full accessibility to adjacent arterials. Such
neighbourhoods have a mix of housing typologies including
apartment buildings and closely spaced housing units. There
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is a much greater presence of non-residential uses (grocery
stores, retail shops, schools and employment complexes) in this
neighbourhood concept than in the first two neighbourhoods.

The following chart shows graphically the annual GHG emissions for
the nine different neighbourhoods as predicted by the model, making
it easy to see that both the urban context and the neighbourhood
design context have a significant effect on GHG emissions from
urban travel. The single-use, dispersed neighbourhood located far
from the CBD produces about three times more annual emissions per
household than the mixed-use, compact neighbourhood near the CBD.

- It is valuable to note that the neighbourhood’s location has a stronger
influence on auto use than the neighbourhood design variables.
Changing the neighbourhood context from the Outer Suburbs to the
Inner Area decreases GHG emissions by 36 to 60% for the various
neighbourhoods. Whereas keeping the urban context the same and
changing the neighbourhood design from conventional suburban

to a compact, mixed-use, pedestrian-oriented design decreases

GHG emissions 24 to 50%. Neighbourhoods with neo-traditional
neighbourhood designs located in the Outer Suburbs produce more
GHGs than the neighbourhood with single-use suburban-type design
located in the Inner Area. The former neighbourhood generates 20%
more annual GHG emissions from travel than the latter.

Figure E1:
Neighbourhood Scenarios’ Annual GHG Travel Emissions
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5 Conclusions
Key Findings

This study resulted in the development of a spreadsheet tool that
enables the user to estimate and compare various neighbourhood
scenarios for GHGs from urban travel. It is based on a model that
is able to explain a substantial amount of the interaction between
neighbourhood characteristics and vehicle use. The R? values

for the auto VKT and auto ownership models are 0.84 and 0.88,
respectively, which bodes well for the reliability of the models.
Whereas the R? for the transit model is only a moderate 0.329,
which means that the transit-use model is less reliable.

The results of the evaluation of the nine neighbourhood scenarios
using the model developed in this study suggest that the “macro”
urban structure is more important than the “micro” neighbourhood
design in reducing GHG emissions from auto and transit travel by
neighbourhood residents. That is, infill development is more effective
than greenfield development in moderating the growth of GHG
emissions, even if the new greenfield neighbourhood is neo-
traditional rather than typical suburban in design. However,
neighbourhood design is also a significant determinant of GHG
emissions and can go a long way in improving the sustainability
of neighbourhoods in the outer regions of urban areas.

The spreadsheet tool produced by this study provides a useful
instrument for planners and developers in comparing the GHG
emissions of different neighbourhood scenarios. It enables them
to compare the implications of both local neighbourhood design
and the broader-scale urban structure considerations of infill
versus greenfield development.

vi
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1. INTRODUCTION

As a result of the Kyoto Summit in

December 1997, the federal government is
developing strategies to enable Canada to reach
its target of reducing Greenhouse Gas (GHG)
emissions by six per cent from 1990 levels by
between 2008 and 2012. Urban transportation is a
major and growing contributor to GHG emissions
in Canada, largely because of increasing levels of
private automobile use. Many studies, including
current and earlier work of Canada Mortgage and
Housing Corporation (CMHC), demonstrate a
strong link between automobile ownership and
use, and the way communities are planned,
designed and implemented. Less work has been
done, to date, on modelling the transportation
patterns and reductions in transportation energy
consumption and emissions that would result
from alternative development scenarios.

The purpose of this study is to develop a
quantitative tool to evaluate development
proposals in terms of GHG emissions from
urban transportation. The study compares

the GHG emissions from personal urban
transportation given variations in community
planning and design variables such as density
and land use mix. This information will provide
valuable insight into how communities can be
designed and planned to reduce GHG remissions
from private automobile use. The tool developed
as part of this study will help users compare and
estimate GHG emission levels from a range

of development proposals with different urban
form and locational characteristics.

This report provides a summary of the analysis
and results as well as a user guide for the
evaluation spreadsheet tool.
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2. DEVELOPMENT OF THE APPROACH

A literature review helped to identify approaches
used in previous studies that examine how urban
design impacts private vehicle use. A study
recently conducted for CMHC, The Impact of
Urban Form and Travel Accessibility on Private
Vehicle Use: Literature Review provided insight
into the range of methods that have been used and
helped in selecting the most appropriate ones for
developing the model and evaluation tool.

The model, on which the neighbourhood
evaluation tool is based, best replicates the
empirical relationships among variables.
Because the intent of this exercise is to develop
a “quantitative tool,” multivariate regression
analysis is the most suitable method of analysis
as it produces an equation that can be used to
quantify the relationships mathematically and
can reflect the cumulative effect of several
factors influencing travel behaviour.

There are many advantages to conducting such
an analysis at the household level since this is
the level where most decisions about travel and
location are made. For example, a decision to
own a certain number of vehicles is normally
made at the household level and, as confirmed in
this study, vehicle ownership is a key indicator of
auto use. On the other hand, most neighbourhood
variables, such as density and land use mix, are
available at the zonal level only.

The analysis presented in this study is based on
zonal data. Since the focus is on neighbourhoods
and their performance, it was felt that a zone-
based approach was preferable. It is important,
however, to recognize that this approach could
mask some of the true behavioural relationships
that would otherwise be apparent at the
household level.

For this analysis, we considered all trip purpose
categories together, making the assumption that
trips for different purposes can be modelled in
terms of the same variables.

To quantify the linkages between urban form and
total GHG produced in daily travel, it is necessary
to quantify both autornobile use and transit use.
Since the focus is on GHG emissions, it is
appropriate to look at vehicle-kilometres of travel
(VKT) as opposed to the other indicators such

as modal shares. In the same way, transit use

will be measured as passenger-kilometres of
travel (PKT).

In most cases, indicator variables are normalized
using a denominator such as persons, houscholds
or neighbourhoods/cities. The specific
denominator depends on the level of aggregation
being used. For this study, we normalized VKT
and PKT by the number of households in each
zone so the dependent variables are VKT/
household and PKT/household.

Based on other studies, auto use depends on many
factors, including those pertaining to urban form.
There is a general consensus that the following
variables related to urban form have some
influence on auto usage patterns.

*  Population and employment densities. Many
studies show that densities affect travel
behaviour variables such as auto ownership
and use. However, the influence of density
can be overestimated in studies that do not
account for other variables, such as household
income, that are correlated to density.

*  Land use mix. Mixed land use results in more
“intervening opportunities” and shorter trip
lengths, which favour more walking, cycling
and transit use.

*  Transit accessibility. Higher transit service
and accessibility levels are correlated with
higher transit use, but transit service also
depends on other factors such as density.

*  Socioeconomic variables. In particular, auto
use is correlated with auto ownership and, in
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turn, auto ownership has been shown to
depend on other socioeconomic variables
(e.g., income and household size).

»  Regional accessibility. Research has found
that the ease of access to regional jobs and
activities by transit influences modal choice.

Summary and Model Directions

Based on the literature review, developing

a model based on a multivariate regression
approach that relates a dependent variable,

such as auto use per household, to a number

of explanatory variables (also referred to as
independent variables) is most appropriate. The
major methodological issues identified from the
literature review are:

» isolating the impacts of neighbourhood design
from the impacts of locational factors;

» deciding on the most appropriate indicator
variables (i.e., dependent variables); and

* determining how each independent variable
affects the dependent variables, and ensuring
that the independent variables are properly
specified in the regression equation to reduce
covariance between them.

In addition, with the goal of developing a
user-friendly tool to evaluate neighbourhood
sustainability, it is desirable to develop a model
in which the explanatory variables to be specified
are those the user is able to control or predict to
some degree of certainty. Because auto ownership
itself may be predicted from some of the same
independent variables for vehicular and transit
travel, it was decided to model this variable
separately, then use the result in predicting

travel behaviour. This approach, which is
described in Chapter 4, is referred to as
simultaneous regression.
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3. PRELIMINARY ANALYSIS OF VARIABLES

This section describes the sample data set and
develops an initial understanding, through a
single-variable analysis approach, of the urban
form and neighbourhood design factors that
potentially influence GHG emissions. Detailed
descriptions of the variables used are provided,
as well as a discussion of how each variable is
expected to contribute to help predict GHG
emissions in the final multivariable regression
model, such as the variable’s expected predictive
strength or its most-suitable functional form
(e.g., linear or logarithmic).

It is stressed that the results of the multivariable
regression analysis described in Chapter 4 may
be different from those emerging from this

initial analysis. The differences between the
results of these analyses emphasize the strengths
of the multivariate approach in isolating the
contributions of the individual predictor variables
to household travel. Multivariate regression
ultimately provided the basis for including

the given variable in the final model.

Because it is assumed that GHG emissions
primarily depend on the amount of travel by

the auto mode, for the analysis in this chapter,
only the relationships between the explanatory
variables and automobile use are described in
detail. It is recognized that transit vehicles also
generate GHG emissions, albeit to a much lesser
extent per person carried (at reasonable load
factors such as experienced in Greater Toronto’s
built-up areas). A brief discussion of the variables
impacting transit PKT is provided at the end of
this chapter with additional information in the
following chapter describing the actual model
development. A description of how travel
estimates are converted into GHG emissions

is also provided in Chapter 4.

Description of Data Set and
Geographical Context

The primary source of data on travel patterns and
automobile VKT in the Greater Toronto Area

(GTA) is the 1996 Transportation Tomorrow
Survey (TTS). One of the largest surveys of its
kind in North America, the 1996 TTS is based
on a sample of 115,000 households (a five per
cent sample) in the GTA. Data from the TTS
theoretically are available at any level of
aggregation. For this study, the traffic zone
level of aggregation was chosen for the basis

of analysis. Traffic zones provide a convenient
means for summarizing travel data and are also
compatible with the need to make comparisons
at the neighbourhood level. Within the GTA
(including Hamilton-Wentworth) there are

1,404 traffic zones. The Toronto Census
Metropolitan Area (CMA), which is the focus
of this study, contains some 832 census tracts or
1,036 traffic zones. Initially, we considered using
the whole GTA, but it was found that zones in
other CMAs (Oshawa and Hamilton) seemed not
to fit certain relational forms in the same way as
zones in the Toronto CMA alone. This, in large
part, can be explained by the self-containment
of the CMAs. Hence, only zones in the Toronto
CMA were included. On average, the zones are
about 6 km? in size, although zones in built-up
areas are generally between 1 and 2 km?® The
average number of households per traffic zone
is 1,290, but the range is from 0 to 10,000.

Exhibit 1 provides a geographical context

for the study by showing the traffic zones in
the GTA in relation to political boundaries,
physical infrastructure and the boundary of the
Toronto CMA.

It also shows the boundaries of the “inner area”
and the “inner suburbs.” This inner area is slightly
larger than the old City of Toronto. The inner
suburbs refer to the area within the City of
Toronto (formerly Metropolitan Toronto)

but excluding the inner area. The remaining
areas within the CMA, but outside the City

of Toronto, are referred to as the outer

suburbs. These three areas are for description
purposes only and are not used in the final
model specification.
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Exhibit 1

Geographic Context
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Of the 1,036 traffic zones in the Toronto CMA,
some actually had very few respondents, resulting
in a large variance in the travel data related to
these zones. Therefore, data from zones that had
fewer than three responding households were not
included in the analysis. This reduced the sample
by 231 traffic zones. A further 10 zones were
removed from the study because they were
obvious outliers; inspection of these zones noted
that all but one had fewer than 10 responding
households. In the end, data from 795 traffic
zones were retained for analysis and

model development.’

Defining the Dependent Variable

As described above, all the travel data used

in this study are developed at the traffic zone
level. Since the traffic zones vary in land area,
population and employment, it is necessary

to develop a standardized measure of VKT
(i.e., the dependent variable).

The method chosen to develop the auto VKT
portion of the dependent variable is based on

a trip chaining approach in which the daily

travel made by an individual is treated as a single
chain. For example, one might travel from home
to work, from work to the gym and from the gym
to home. Each of these individual trip segments
and the mode by which they are made would
depend on the characteristics of the trip maker,
including where he/she lives. It is reasonable
then to assign all the VKT made by an individual
to that individual’s place of residence. The sum
of the VKT made by all individuals living in a
particular zone would represent the total “travel
effort” for that zone. Travel effort is normalized
by dividing by the number of households in

the zone.

In the initial stages of this study, other methods
“of normalizing the dependent variable, such as
using VKT/capita, were explored but, in all cases,
VKT/household provided a much better “fit”

in the regression analysis. As discussed later,
because there are differences in household

size by location, it is necessary to incorporate

household size into the regression equation
as an independent variable when the dependent
variable is expressed on a household basis.

Explanatory Variables

In the sections below, auto VKT per household

is used as the primary dependent variable for
exploring the influences of various factors
independently (through univariate regression)

on GHG emissions. These factors can generally
fit into one of three categories: socioeconomic
variables, locational (urban-context)
characteristics and neighbourhood characteristics.

A notable weakness of univariate analysis is that
what may appear to be the effect of one variable
on the dependent variable can be the effect of
other variables correlated with it. Because of
this weakness, this chapter focusses on the key
variables that emerged from a more extensive
analysis involving multivariate regression. It is
useful first to examine the statistical estimation
power of the independent variables considered for
inclusion in the model. This initial understanding
of how the separate variables seem to affect the
dependent variables helps to describe why the
variable was initially considered, although
because of covariance between the variables,

it should be remembered that this provides

only a rough indication of how the variables

will perform. Individual explanatory variables
can perform quite differently in multivariate
regression analysis than in univariate regressions.
An example is land use mix, which did not seem
to be a particularly strong predictor in the
univariate analysis, but turned out to be a strong
explanatory variable in the multivariate auto
VKT model.

Socioeconomic variables and VKT

This section discusses how various
socioeconomic variables may influence VKT.
In the development of neighbourhood scenarios
(Chapter 5), socioeconomic variables are held
constant, although they can be varied by users
of the spreadsheet tool if information on the
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sizes, incomes and life-stage characteristics of
the households for whom a development may
be marketed is known.

Household Structure, Age Composition and Size

The structure and size of a household can
influence travel behaviour and travel patterns.
However, as household structures become more
complex, so do their travel patterns. In recent
years, there has been a trend toward fewer people
per household as well as a greater proportion of
multiple-worker households (Shalaby, 1998).
With two workers per household, it is generally
more difficult to optimize residential and

work locations.

Although it would be difficult to control
household structure in the development of

a neighbourhood, it is nevertheless important
to gain an understanding of the relationships
between household structure and travel activity,
at least in terms of household size.

Not surprisingly, household size affects auto
VKT. The apparent effect of household size is
exaggerated by locational factors. For example,
in the range of roughly 2.5 to 3.5 persons per
household, there is much greater auto VKT for
households of the same size in the outer suburbs
than in the inner suburbs, whose levels are
themselves greater than in the inner area. When
plotting VKT against average household size
(persons/household), the R* was just over 0.2,
which indicates only a slight positive correlation.?

It is widely recognized that both the amount and
mode of travel vary according to an individual’s
stage in life. Generally, people 35 to 55 years

- of age tend to make the most trips by auto when
expressed on a per capita basis (IBI Group, 1997).

This same age category of people also tends to
make a smaller proportion of trips by transit
compared to other age categories. Transit

use tends to be higher by younger adults

(e.g., ages 18 to 24).

When plotting auto VKT per person vs. the
percentage of residents in a zone who are under

16 years of age, a very weak trend of increasing
VKT per person and age structure is revealed.
However, within the inner and outer suburbs,

a slight trend toward decreasing VKT with an
increasing percentage of young people can be
noticed instead. Any impacts of age distribution
appear overridden by numerous other household
and location factors related to age distribution.

Hence, where age becomes important in this
analysis is in terms of its spatial distribution. For
example, younger families may tend to locate in
the outer suburbs of the GTA where housing

is cheaper, thereby having an influence on the
spatial patterns of VKT/household. The TTS
data suggest this is, in fact, the case.

The data on age distribution can be used together
with household size information to determine the
average number of adults (residents over 16 years
of age) per household. A value of more than two
for this variable reflects the presence of families
with older children still at home. This variable

is expected to explain some household travel
decisions better than the variable total persons
per household because the decisions are made
primarily only by the adults and possible drivers
in the household. For example, the best fit linear
regression line for household auto ownership vs.
adults/household had a moderate R? value of
0.381, and an R? of (.18 in predicting auto
VKT/household. (A natural log linear regression
line provided a marginally better fit in predicting
auto ownership, with an R? of 0.42; the linear
form is retained in the multivariate model

for simplicity.)

Average Income

In general, one expects that higher incomes
would lead to a greater ability to purchase and use
automobiles and, therefore, a greater propensity
to travel by car. Two measures of income were
considered in predicting travel behaviour: average
employment income (averaged over all workers
only, both full time and part time) and average
household employment income. Data on

average employment income and labour force
participation rates by census tract are available
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from the 1996 Census; average household
employment income can be calculated based
on these statistics.?

Based on data for this study, there is a slight
positive correlation between VKT/household and
average employment income. On a CMA-wide
basis, households in the zones in the middle-
income categories tend to have the highest VKT
per household while zones with lower and higher
average employment incomes yield less VKT per
household. Although the use of average income as
an explanatory variable on its own seems limited,
the cumulative impact of income levels on auto
VKT is shown to be more apparent when their
effects can be isolated from locational impacts,
as is the case in multiple regression.

Exhibit 2

Auto VKT/Household vs. Auto Ownership

200

Auto Ownership

The availability of automobiles is undoubtedly a
key factor in travel decisions. Exhibit 2 provides
some insight into the correlation between auto
ownership and auto VKT/household. As shown,
the relationship is very strong. It is important to
recognize that most of the zones with higher auto
ownership are located in the outer areas of the
GTA while most of the zones with low auto
ownership are located in the inner areas.
However, within each of these locational
categories, there is a clear trend toward increasing
auto VKT with increasing auto ownership levels.
Overall, an exponential relationship seems to fit
the data better than does a linear relationship
(R?of 0.72 vs. R? of 0.61).

Auto ownership is influenced by

a number of socioeconomic and
locational variables. A recent study
by Schimek (1996) examining the

180 *
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Daily auto VKT/Household

impacts of household vehicle
ownership concluded that “the most
important statistical determinants of
the number of vehicles per household
are household income, household size,
and the number of workers per
household.” In another study by Hunt
Analytics Inc. (1999), household size,
auto-accessibility in the home zone

Vehicles/Household

¢ Inner Area o Inner Suburbs « Quter Suburbs

0.0 0.5 1.0 1.5 2.0 2.5 3.0

3.5 and household income were found
to be the strongest influences on
auto ownership.

Exhibit 3

Auto Ownership Trends vs. Socioeconomic Factors and Neighbourhood Attributes

Inner area
Automobiles/housshold 0.60
Percentage of households with no vehicle 51%
Percentage of pop with drivers licence 67%
Average income $33,397
Percentage of households living in single
detached houses 3%

inner suburbs Outer suburbs
1.21 1.72
25% 8%
80% 86%
$31,993 $34,350
35% 62%
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Exhibit 3 (from the TTS data) suggests there
are differences in auto ownership and other
factors by location. The relationships among
these variables are explored in Chapter 4 using
multivariate regression.

An important consideration in the model
development is to restrict the input variables
used, as much as possible, to those a planner or
developer could control directly. As such, vehicle
ownership is treated as an intermediate dependent
variable in the model, itself a function of other
socioeconomic factors, location and
neighbourhood design.

Also, due to the close correlation between auto
ownership and VKT, and the strong influence of
neighbourhood and socioeconomic factors on
both variables, both dependent variables were
regressed simultaneously in the multivariate
regression. A simultaneous regression approach
has been adopted in this study, as described
further in Chapter 4.

Locational characteristics

In this study, locational characteristics include
those characteristics of a neighbourhood that
define where it is located within the urban area.
A neighbourhood’s location spatially in the larger
urban area influences other neighbourhood
locational characteristics such as proximity to
transit services, to jobs and to major activities.

Exhibit 4
Auto VKT vs. Distance to CBD

Daily auto VKT/Househ;JId

o 10 20 30 4 50 60 70
Distance to Central Business District (km)

i e InnerArea onnerSuburbs
i » OuterSuburbs aOutside Toronto CMA

The following sections provide a preliminary
examination of the possible relationships between
locational characteristics and auto VKT.

Distance to the Central Business District

Exhibit 4 shows the relationship between auto
VKT per household and the distance from the
central business district (CBD). For zones within
the Toronto CMA, it indicates a clear, linear
relationship with auto VKT/household increasing
as distance from the CBD increases. Exhibit 4
includes data for traffic zones outside the
Toronto CMA. As expected, for these zones, the
relationship becomes less distinct, perhaps due to
the fact that many of these zones have a higher
degree of self-containment and are not as reliant
on the Toronto CBD as a work trip destination
(especially Hamilton, Burlington, etc.). In part,
this led to the decision that the analysis for this
study be limited to the Toronto CMA. However,
it also suggests that it is worthwhile to explore a
locational variable based on the distance to the
nearest urban centre or node (e.g., North York
Centre, Scarborough Centre, etc.), in addition

to a variable based on the distance to the CBD
alone, as discussed in the next section.

Exhibit 5 further emphasizes the relationship
between location and average VKT/household.
Very generally, those zones closer to the CBDs
and closer to rapid transit and GO Transit stations
have a lower intensity of auto travel.

Approximately one out of every 13 jobs
in the Toronto CMA is located within the
CBD as it is typically defined.* Therefore,
one could expect that the farther a zone is
from the CBD, the greater the probability
that people are travelling farther (on
average) to work. This hypothesis is
further strengthened by the fact that
average employment density declines with
distance from the CBD. Hence, workers
living in the outer suburbs will have to

80 travel further, on average, than workers
living closer to the metropolitan centre,
excepting those living close to sub-regional
employment centres such as Oshawa.
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Exhibit 5
Spatial Distribution of Daily Auto VKT/Household

TORONTO CMA

Weekday Auto VKT per Household

More than 100 kmihh
§0 to 100 km/hh

25 10 50 km/hh

less than 25 km/hh
Unpopuiated

R

While there is a high probability that a worker’s that many people work in the CBD, most transit
job is located close to or in the CBD, other services in the GTA are oriented around the CBD.
characteristics of the CBD are also important, This tends to increase transit modal shares for
such as the fact that it is the major hub for transit CBD-bound trips with a corresponding reduction
services in the GTA. Partially due to historical in auto VKT.

developments, and in combination with the fact
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Distance to Nearest Employment Node

It is reasonable to expect that proximity to
nodes of concentrated activities could reduce

~auto VKT/ household. A recent study by

IBI Group (1997) defined 29 nodes of key
significance in the GTA. Using these node
definitions, there is a general trend of increasing
VKT with increasing distance from the nearest
employment node, but most of the data lie
between one and seven kilometres to the nearest
node, and no clear trend can be seen in this range.

A shortcoming of this variable is that it does

not take into account the attractiveness of the
employment node in terms of the number of jobs.
That is, equal proximities to employment nodes of
differing attractiveness are given the same value.
A variable quantifying proximity to employment
(see below) addresses this shortcoming.

Proximity to Employment

In this analysis, proximity to employment for a
traffic zone was measured as the number of jobs
within a certain radius of the traffic zone’s '
population centroid.

The first measure used a one-kilometre radius,
which represents a reasonable walking distance to
work or services. The circle defined by this radius

often captures only a few traffic zones or portions
thereof. Therefore, employment was calculated
based on the areas and employment densities of
the portions of the traffic zones that fall inside
the circle for an equivalent value of jobs within
one kilometre. Exhibit 6 shows that, for each
geographic area, the average auto VKT per
household decreased with increased number of
jobs within one kilometre in almost every case.
The R? for a log-linear regression is a relatively
strong 0.61.

A second measure of proximity to employment
used a larger radius—five kilometres. The results
are similar to those using a one-kilometre radius.
Exhibit 7 shows that, for each geographic area,
the average auto VKT per household decreased
with increased number of jobs within a five-
kilometre radius of the traffic zone centroid as
well. However, the second employment proximity
measure is more highly correlated with distance
to the CBD than the first measure. The R? for the
log-linear best fit curve for this measure is 0.694,
stronger than the previous measure. In fact, the
number of jobs within a five-kilometre radius

of the neighbourhood centroid might be a

good proxy for, and improvement over, the
distance to the nearest employment node, as

the attractiveness of the employment node in
terms of job opportunities and available services
is now taken into account.

Exhibit 6
Number of Jobs Within a 1-km Radius and Average Auto VKT/Household

0-500 jobs 500 to 2,000 to Over 5,000

2,000 jobs 5,000 jobs jobs

Geographic Area VKT/household VKT/household VKT/household VKT/household
Inner area * 21 26 18
inner suburbs 66 38 30 28
Outer suburbs 87 62 49 33
TOTAL 87 54 38 23
Note:
* Data are insufficient for comparison
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Exhibit 7
Number of Jobs Within a 5-kilometre Radius and Average Auto VKT/Household

0-20,000 jobs 20,000 to 50,000 to Over 100,000

50,000 jobs 100,000 jobs jobs

Geographic Area VKT/household VKT/household VKT/household VKT/household
inner core * | 29 19
Inner suburbs 65 43 32 30
Outer suburbs 85 60 43 44
TOTAL 85 59 37 26

Proximity to Transit Nodes

In the case of Toronto, zones within walking
distance to rapid transit stations achieve transit
modal shares several times higher than zones not
within walking distance of a rapid transit station.
The same holds true for zones close to commuter
rail stations (GO Transit stations). Generally, there
is a fairly strong linear correlation between the
distance from either a rapid transit station or a
GO Transit station, and auto VKT per household.

There are several options for incorporating a
measure of the distance to transit stations into
the model. One approach would be to take the
lesser of the distance to a rapid transit station

or a GO station. A second approach is to create
two separate binary variables (whose values are
zero if false or one if true) to reflect whether the
zone lies within one kilometre of a rapid transit
station as well as whether the zone lies within one
kilometre of a GO station. Both approaches were
tested in the model.

Local Transit Accessibility and Service

Residents are more likely to choose to use
local transit services when an attractive
transit alternative to the automobile serves
the neighbourhood.

Transit information was available from the
Toronto Transit Commission (TTC) which
provides transit services to the City of Toronto.
Measuring transit service was not a trivial task.

To ensure the size and shape of the traffic zone
did not bias the measure of proximity to local
transit service, the measure of a traffic zone’s
local transit proximity used in this study
incorporated those segments of bus routes that
pass through a circle defined by a one-kilometre
radius from the population centroid of the traffic
zone. One kilometre is somewhat further than
most people would walk to catch a bus. This
radius was used because a smaller one would

not have captured routes on the boundaries of the
more peripheral and larger traffic zones and, thus,
would have understated the availability of transit
service in these areas. Service hours for these
segments are calculated as follows.

Weekday bus vehicle service hours = d/v**f

where

d = the total length of transit route segments
passing through a circle of one-kilometre
radius, centred on the neighbourhood

centroid;

v = average bus speed (taken to be 25 km/h for
our data set);

t = total weekday service hours; and

f = average bus frequency (number of buses on
the route per hour).

Exhibit 8 shows the relationship between
local transit service, as defined above, and auto

Page 12

l




Greenhouse gas emissions from urban travel: Tool for evaluating neighbourhood sustainability

Exhibit 8

Auto VKT vs. Transit Service

correlated variables such as
household income and mode-
specific accessibilities. In
the analysis of Toronto data,
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employment density is highly
correlated with distance to the
i| CBD, although there are also

‘| pockets of higher employment
densities in communities in the
outer areas of the GTA.

For the preliminary
investigation, a plot of auto
VKT vs. employment density
(not shown) was generated.

40 80 80
Transit Service Hours within 1 km

It showed a general trend
toward decreasing VKT
with increasing employment

VKT/household for Toronto only. As expected,
there is a general trend toward decreasing VKT
with increased transit service. The log-linear
regression line plotted has a higher R? than the
linear regression line, indicating “diminishing
returns,” in terms of reducing VKT, of increasing
transit service indefinitely.

Determining transit service levels to the same
level of detail for the entire GTA as for Toronto
(TTC) was not feasible as data at the detailed
route level were not available for the local

transit services. A reasonable solution was to
compare the overall transit service hours per unit
area for various local municipalities on an overall
basis with those of the City of Toronto.

Neighbourhood characteristics
Employment, Population and Household Density

While many studies indicate that density is a
major influence on VKT, others maintain that
because density is highly correlated to other
variables, univariate regression analyses
overestimate its explanatory power. For example,
in Hunt Analytics Inc. (1999), population and
employment density show little influence when
they are included in multivariate regression

runs as explanatory variables along with other

density. Because of the
different impacts the traffic zone’s size
would have on employment density, a more
standardized measure was preferred. An
employment accessibility measure discussed
previously—the number of jobs within a one-
kilometre radius of the zone centroid—added
better predictive strength to the model than did
employment density by traffic zone. -

In keeping with the methodology of this study,
which focusses on housing development and
household travel behaviour, household density,
rather than population density, is tested as an
independent variable influencing auto VKT. This
measure also varies with distance from the CBD.
There is a general trend toward decreasing VKT
with increasing household density. The R? of

the best fit log-linear regression line in this

case is 0.56. But as discussed in Chapter 4, the
effect of density decreases dramatically in the
multivariate regression analysis.

In the same manner as employment density, it was
found that choosing a more standardized area than
the traffic zone within which to measure housing
density resulted in a better model fit. The measure
preferred in this study considered the amount

of housing within a one-kilometre radius of the
traffic zone centroid. The R? of the best fit
log-linear regression line in this case is 0.61.
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Land Use Mix

Hunt Analytics Inc. (1999) indicates that a mix of
land uses in close proximity to housing increases
walk, transit and cycle accessibility that, in turn,
reduces auto use. Mixed land use in the vicinity
of a household means the household has nearby
options for activity locations, and is not as
dependent on motorized transport. The scope

of the current study includes only the land use
mix of the household’s home neighbourhood
and does not include land use mix in the

vicinity of a household member’s work

place or other activities.

A measure of the mix of land uses is difficult

to quantify. A simplistic measure that was tested
was the ratio of jobs to population within the
neighbourhood, or within a one-kilometre radius
of the centroid of the neighbourhood. However,
this measure takes into account neither the
density of jobs nor population. This variable
was surprisingly weak in the univariate analysis
of auto VKT/household. The R? for the best fit
log-linear regression line was less than 0.01.
This indicator had virtually no predictive power
in the initial multivariate models tested.

Another measure of land use mix is one inspired
by an indicator used in chemistry describing
how well gases are mixed, and can be called

an “entropy” measure. To use a measure that
compares apples to apples in the model, it was
decided to compare the number of jobs with the
number of workers in a one-kilometre radius

of the centroid of the neighbourhood.

In the entropy expression, the numerator is
normalized to a value between 0 and 1, because
there are two variables in the mix: workers

and jobs. A value of zero indicates no mixing
whatsoever, whereas a value of 1 indicates

the land uses are evenly mixed.

Admittedly, this is still a simplistic measure
of land use mixing. The true degree of mixing
would be affected by the kinds of jobs and
services available, within walking distance,

to those in the neighbourhood. The spatial
distribution of this measure also appeared quite
random, and no clear relationship can be seen in
a plot of land use mix and auto VKT. However,
when combined with other variables in the
multivariate regression model, this indicator
proved to be quite robust, which highlights

the value of multivariate analyses to separate
the cumulative effects of the individual
variables used.

Shopping Opportunities

A household with shopping opportunities within
walking distance of the household is expected to
generate fewer VKT than those with no choice
but to drive to procure goods.

No data summarizing locations of shopping
opportunities in the GTA were found. Thus, it
was necessary to generate an original indicator
of neighbourhood shopping accessibility. Trying
to note the locations of all stores would be very
time consuming. Instead, the addresses of only
grocery stores as found in the yellow pages® were
noted, totalling 1,142 stores, and the locations of
these stores were geo-coded (i.e., assigned map
coordinates). A neighbourhood’s measure of
accessibility to shopping was the number of
grocery stores within a one-kilometre radius

of the neighbourhood centroid. Other measures
related to this one were tried, such as a binary
measure indicating whether there were any stores
within a one-kilometre radius, or the natural log
of the number of stores, but were not as strong
in predicting VKT. In order for the measure as
described above to be a true indicator of total
shopping accessibility, various types of retail
would need to be distributed in the same way

as grocery stores. This, of course, is not quite

the case in reality, but the measure seems to be

a reasonable one. There is a trend of decreasing
auto VKT with increasing shopping opportunities
within one kilometre, as seen in Exhibit 9.

Structural Housing Types

It is expected that the relationship between
housing type and auto VKT is largely attributable
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Exhibit 9 -

Auto VKT vs. Shopping Opportunities within 1 kilometre

with increasing housing
-mix is evident. The best
fit regression line through
these points had a minor

200 2
2 180 R? of 0.23.
g 160 . : .
2 140 I, A final variable relating
g 120 |* to the housing structures
100 Jik. in a neighbourhood deals
g0 AIF g
> ol [ 11 with the size of the units.
2 40 L. . | This is measured in terms
8 g % »x
> 20 1 v !Eiggsg:igggo"g:u.,,u..% R W e of the number of rooms,
8 o e not including bathrooms,
0 10 20 30 40 50 hallways or vestibules.
Grocery Stores within 1 km Housing size is clearly
e innerArea o InnerSuburbs » OuterSuburbs correlated with the mix

of housing types and

to the demographics of the people residing in
the different housing types. That is, younger
households are more likely to live in rental
units, which are often in highrise buildings,
than older households, who may be more
settled and living in single-family homes.

Census data provide descriptions of housing
types. Five structural housing types are
considered in this analysis: fully detached
houses, semi-detached houses, low-rise
apartments and duplexes, highrise
apartments and town/row houses.

At either end of a spectrum of housing types are
single-detached houses and highrise apartment
buildings. The R? for a linear regression line for

a variable denoting single-detached housing was a
moderate 0.44, but it was much lower for highrise
apartments, at 0.051. The prevalence of different
structural housing types, especially single-
detached dwellings, is moderately correlated

with locational variables such as distance to

CBD and housing density. Therefore, multivariate
regression is necessary to isolate the effects of
housing types.

Housing mix may best be modelled in the same
way as land use mix, that is, using an entropy-
inspired measure. When auto VKT vs. housing
mix is plotted, a trend of decreasing auto VKT

housing density: a large
average housing unit size is incompatible with
high housing densities, and large units are often
single fully detached houses. Moreover, a
large average unit size also usually precludes
smaller or younger households from living in the
neighbourhood. When auto VKT vs. housing size
is plotted, a definite trend toward increasing auto
VKT with increasing average housing size is
evident. A log-linear best fit line through these
points has a moderate R? of 0.43.

Road Layout/Configuration

There are many hypotheses about how road
configuration and road extent impact vehicle
usage. In particular, curvilinear road patterns

tend to make walking distances between activities
longer, and reduce the efficiency of transit
service. This is illustrated by the contrasting
examples of neighbourhood design shown in
Exhibit 10, in which an auto-dependent layout is
illustrated in the upper half and a transit-oriented
layout in the lower part.

Hunt Analytics Inc. (1999) found that regular,
rectangular street patterns tend to be associated
with slightly less auto use than curvilinear street
patterns. It is also believed that traffic generally
expands to fill the space available to it. For
example, a study by Hansen (1995) found

that a one per cent increase in lane miles

Page 15




Greenhouse gas emissions from urban travel: Tool for evaluating neighbourhood sustainability

induces a 0.9 per cent increase in VKT Exhibit 10

Auto-Oriented Development vs. Transit Oriented
Development

within five years.

The first type of road variable explored
was road layout pattern. For each traffic

zone within the GTA, road patterns were
manually classified according to the
following general types (adapted from
Hunt Analytics Inc. 1999).

»  Strict rectangular grid used to describe

zones that contain exclusively urban
grid networks, typical of pre-1950s
development.

* Industrial grid added to describe areas
with fairly widely spaced roads passing
through primarily industrial areas. It
was hypothesized that these types of
zones may generate different travel
patterns than the above category.

*  Primarily rectangular grid consists
of grid networks with some
diagonal breaks.-

*  Mix of rectangular and curvilinear is
used to describe zones where there is

AUTO DEPENDENT DE¥Q.OPMENT
0y,

BUS ROUTE
APTS/COMM
~J N ~ ~

HIGH
SCHOOL

GRADE

. $

TRANS!T-ORIENTED DEVELOPMENT

Source: Ministry of Transportation, Ministry of Municipal Affairs of
Ontario. (1992).

a predominance of curvilinear streets
intermixed with a grid network.

*  Regular curvilinear is used to describe
zones consisting primarily of curved
streets with at least some continuity
between the streets.

*  Random curvilinear is used to describe
zones with road layout patterns typical of
post 1970s development consisting of a high
proportion of streets ending with cul-de-sacs
and butting onto large arterial roadways
(e.g., upper portion of Exhibit 10).

*  Rural grid describes zones in the outer areas
of the GTA that are largely undeveloped and
consist of widely spread regional arterials,
township roads and rural highways.

As shown on Exhibit 11, there is a very high
degree of correlation between road patterns
and VKT among travel zones in the study area,
with grid networks corresponding to the lowest
VKT/household and rural grids and curvilinear
road layouts corresponding to a higher average

VKT per household. As with most other variables,

the type of road layout is correlated to other
variables such as urban context and population
density. Despite this, it would seem that road
layout has some potential to explain

VKT patterns.

Another possible indicator of road layout is the
number of intersections per road-kilometre. This
is a numerical measure of the connectivity of the
roads in a neighbourhood and of the number of
alternative routes available for trips. Many auto-
oriented developments minimize the number of
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Exhibit 11 and VKT. When plotting

Road Layout Patterns vs. VKT/Household auto VKT/household vs. road-
kilometres/household, there is

' ' ' a fairly distinct positive trend. The

and connectivity is maintained.
Therefore, we have not incorporated
this variable into the preferred

10

g 80 o - best fit log-linear curve has an R?
2 70 — of 0.42. However, with the apparent
B § 60 . undesirable relationship between
) . road provision and VKT, there is
- £ 4 a risk that urban planners may not
% 20 provide enough streets to ensure
g that walking distances are minimized
o 20
=
s
=]

b} . w e
E%g _;:, '§;§g E;g,g g g_§ g E % model definition.

2 ] g 5 3 3 As a measure of the “pedestrian
friendliness” of the streets, variables
indicating the presence of wide

intersections along a roadway, as vehicular arterial roads (3 or more lanes
. movement is impeded at intersections. per direction) were examined. Pedestrians and
However, what aids automobiles is a hindrance cyclists are far more likely to use a narrower,
‘- to pedestrians and cyclists, as unreasonably slower-speed street than a wide, fast-moving
long walking distances to activities often arterial. Various forms of this variable were
: result. Having a denser network of roadways, tested, including a binary variable denoting
. accompanied by more intersections per road- the presence of wide arterial roads in the traffic
kilometre, increases the number of route choices zone. Another was the ratio of the total length
and increases the probability of finding a shorter of wide arterial roads to the total length of roads,
. route to one’s destination. It was decided to use excluding expressways and ramps in the traffic
the number of intersections per road-kilometre zone. The latter was found to be a statistically
rather than the number of intersections per significant predictor of auto VKT in the
unit area, as the latter would
discriminate against zones Exhibit 12
with larger parks or Auto VKT vs. Intersections/Road-Kilometre

undeveloped areas, which
would have neither roads
nor intersections. A plOt 200 - e - e o e st e

1 »
shows that the number 128 .

of intersections per road- 140 [ X0 .
kilometre is indeed inversely 120 2{-‘."." 1. . _'
correlated with auto VKT 100 La¥™t 2 e .

(Exhibit 12). The linear best
fit line has an R* of 0.41.

Road Extent

Daily auto VKT/Household

It is expected that an increase Intersections/Road-km
in the supply of roads would
encourage greater vehicle use

« OuterSuburbs o InnerSuburbs e innerArea
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multivariate analysis. As a result it was retained
for the final model.

Lane-km per household is another potentially
suitable measure; however, information on
lane-km was only available at the aggregate
level of GTA local municipalities, wherein
there can be much variation in lane-km
between neighbourhoods within the same
local municipality. Due to this lack of data

at the neighbourhood zone level, the lane-km
variable was not included in the model.

Bike Routes

The degree to which bicycling is encouraged
through the provision of bike routes in the
neighbourhood is also expected to decrease
automobile use. The total length of roadways
with bike lanes or designated shared lanes
(“on-street bike routes”) were determined for
each traffic zone in the City of Toronto. Very
limited information was available for outer
areas, mainly due to the lack of bike routes.
For the purpose of this study, all areas outside
of Toronto were assumed to have minimal bike
routes suitable for non-recreational travel.

Bike route variables tested included binary
variables indicating whether any bike routes or
on-street bike lanes existed in the traffic zone,
and the ratio of on-street or total bike routes to
total roadway lengths within that traffic zone. It
is recognized that these are somewhat simplistic
variables; a more comprehensive measure of the
extent to which biking is encouraged would also
take into account the connectivity of the bike
routes in the traffic zone with other bike routes,
and the safety and quality of the bike routes.
Nevertheless, these bike route variables were
found to be statistically significant predictors

of vehicle ownership and transit use in the
multivariate analysis.

Parking Characteristics
Hunt Analytics Inc. (1999) found that a $0.50

increase in parking costs at work destinations in
Edmonton decreased auto VKT by 3.4 per cent.

However, the current study did not explicitly
incorporate a measure of parking availability

or cost. It is beyond the scope of the current
study to predict the locations and neighbourhood
design characteristics (e.g., parking availability)
of household members’ work and other activity
places. This study focusses on the explanatory
variables at households’ home neighbourhoods
only and, as such, the effect of parking
availability for housing is the prime interest.
However, municipalities generally do not keep
track of residential parking availability, and
assembling the data would prove to be very
time consuming due to the variety of parking
types available.

Other Neighbourhood Characteristics

Numerous other neighbourhood attributes were
considered for inclusion in the regression model,
including streetscaping, traffic calming and
pedestrian facilities. For some of these, efforts

to procure appropriate data were unsuccessful,

or preliminary research suggested these variables
are generally not significant in regressions of auto
use as they are greatly outweighed by factors such
as location.

It was found that assembled information on
traffic-calming initiatives for the GTA is not
extensive. Furthermore, most of the traffic-
calming initiatives reported for downtown
Toronto were implemented after 1996, so the
1996 TTS data would not reflect the impacts
of these changes.

Including a variable denoting the effect of
streetscape quality on auto or transit use is

highly desirable. One approach tested for this
study was to inspect the values of auto VKT that
were predicted using the final model for a number
of traffic zones where differences in streetscape
were quite obvious. The result of this approach
was that no systematic bias in the model results
that could be corrected by a streetscaping variable
was detected. In fact, for a number of these
zones, trying to correct the predicted values

by introducing this variable would result in

an unexpected (counter-intuitive) sign for
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its coefficient. Hence, no variable denoting
streetscape quality was applied in the model.

This does not imply that streetscaping has no
effect on household travel behaviour, but only that
the data set does not seem to be sensitive enough
to changes in this variable for it to be statistically
significant in the final model specifications.

Variables impacting transit usage

Analysis of individual variables impacting transit
PKT was also carried out. Univariate regression
analyses where transit PKT per household is

the dependent variable showed that none of

the variables approach the strength of the key
variables in the auto ownership or auto VKT
univariate analyses, where R? values could be

as high as 0.70. For transit PKT, the univariate
analysis suggests that the strongest explanatory
variables are those related to the size of the
household (e.g., number of persons per household
or its natural logarithm, with R? values of 0.11).
Proximities to rapid transit stations or GO
stations also seem to be among the more
promising variables.

The square of the distance to the CBD was

also tested. The reason for doing so may best
be explained with the help of Exhibit 13, which
shows a plot of transit PKT vs. distance to

the CBD. It can be seen that within roughly

a 25-kilometre distance to the CBD, there is

a trend of increasing transit PKT with increasing
distance to the CBD. This can be explained by the
fact that transit passengers need to travel longer
distances on average. However, further from the
CBD, transit PKT decreases with increasing
distance to the CBD. This is due to the lower
proportion of trips made by transit overall.
Although transit trips may become longer still,
there are fewer of them, so total PKT decreases.
A linear best fit line shows a slight decrease of
transit PKT with increasing distance from the
CBD, but has an R? of only 0.034; a quadratic
line (with both a linear and a quadratic term) fits
much better, with an R? of 0.107. A quadratic line
could be “linearized” for use in the multivariate
regression equation by including two terms, one
for distance to the CBD, the coefficient of which
is expected to be positive, and one for the square
of this distance, the coefficient of which is
expected to be negative.

Another term that was examined was the
distance to the CBD when a rapid transit station
was within one kilometre of the node centroid.-
When a rapid transit station is not within one -
kilometre, the value of this variable was set at
zero. This combined variable reflects both the
increased propensity of a household to use transit
because rapid transit is very accessible, and also
the distance the household members would travel.
In the same way, a third additional variable tested
was the distance to the CBD
when a rapid transit station

Exhibit 13 was within two kilometres
Daily Transit PKT vs. Distance to CBD of the node centroid. Using a
two-kilometre threshold value
o 3 for the commuter rail variable
- ° resulted in a stronger variable
g . * than using a one-kilometre
g " distance; it also seems
< 20 o reasonable that people might
& A . people mig
& e . . travel a little farther to reach
| 'é Ay £ Teen ot a GO station than they would
- ;;{:’i‘:"‘-:f:u PREE . | to a rapid transit station
> 5 R | because of the increased time
S Y A AL savings for their overall trip.
0 10 20 30 40 50 60 70 80
Distance to CBD (km)
e InnerArea a InnerSut » Quter
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4. MODEL DEVELOPMENT

Methodology

The approach adopted for this study is based on
multivariate regression that, essentially, makes

it possible to examine how a single dependent
variable (e.g., VKT/household) is affected by the
values of one or more independent variables. The
basic form of the model is:

Y=a+ blXI + b2X2 + ...+ bnXn
where Y = dependent variable
X = independent variable
a = constant term
b = coefficient term

In effect, the contributions of the different
explanatory variables to the dependent variable
become cumulative. The coefficients assigned
to the individual variables in the best fit model
indicate the degree to which the variables would
affect the dependent variable if they could be
isolated, that is, if the other independent
variables were held constant.

The model is estimated using a least squares
method, which can be thought of as fitting a
straight line through a set of observations. This
implies that the independent variables are “linear-
in-the-parameters.” The explanatory variables
can be “linearized” using various transformations
such as logarithmic forms, as identified in the
model equations. Some of the explanatory
variables have been included as a form described
as “binary variables.” Such variables have only
two possible values: 0 if the stated condition
(e.g., whether there is a rapid transit station
within one kilometre) is false, or 1 if the
condition is true. The univariate analyses of
Chapter 3 provide an indication of appropriate
functional forms for many of the variables

(eg. binary, logorithmic etc.).

Simultaneous regression analysis was used

to develop the final specifications of the auto
ownership and auto VKT models. The auto
VKT model therefore uses predicted values of
auto ownership. The simultaneous regression
approach optimizes the model fit for both
dependent variables, auto ownership and auto
VKT, at the same time.

The final specifications of the transit PKT model
also use predicted values of auto ownership, but
this model was calibrated separately from the first
two models. This is because the R? values for the
auto VKT and auto ownership models are quite
good at 0.84 and 0.88, respectively, whereas the
R? for the transit model is only a moderate 0.33.

In general, the following criteria or considerations
were used in evaluating the test models and

the appropriateness of including various
explanatory variables.

¢ The R? values are a statistical measure of
the overall goodness of fit of a model, and
as such, the best model would have R? value
close to 1 or -1,

* The sign of the coefficient of the explanatory
variable should not be counter-intuitive.

* The t-statistic is a measure of the significance
of the parameter estimates. The t-test, as it is
called, measures the level of confidence that
the true value of the coefficient of the variable
is non-zero, and so the assumption that the
associated independent variable has a
statistical relationship with that dependent
variable is valid. Absolute values greater
than 1.65 indicate that the coefficient is
statistically significant at the 95 per cent
confidence level for this data set.

* One piece of evidence of a robust
explanatory variable is that the magnitude
of its coefficient remains roughly constant
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as the model specification is altered. If the
coefficient value varies greatly, this may be
an indication that there is a high correlation
between it and another variable in the model.

*  One sign of a good model based on a
simultaneous regression approach is that
the specifications for the component sub-
models should not be greatly different from
the same models using simple multivariate
regression analyses. A large change in the
model parameters when simultaneous
regression is performed may suggest
that a variable in one sub-model may be
compensating for a missing variable in
another sub-model.

Results of Multivariate
Regression Analyses

Auto ownership sub-model

Exhibit 14 shows the results of several simple
multivariate regression analysis test runs. This

is only a sample of the numerous potential model
formulations that were tested, both individually
and simultaneously with the auto VKT model.

In general, here and for the other sub-models,
simpler models were tested first, then the

models were made more complex by adding
more variables.

Several variables that are significant in

the model of vehicles per household are not
significant in the auto VKT model, as discussed
below. Although variables in the auto ownership
model indirectly affect auto VKT, the impacts

of these variables are “watered down,” and their
effect is not as strong as if they were incorporated
into the auto VKT model directly.

The following discussion describes some results
of the multivariate regression analysis, including
whether or not each explanatory variable was
included in the final model and the rationale
behind that decision.

*  The average number of adults per household
variable was selected for the final model. It is

robust, statistically significant and the sign
makes sense (+). Using this variable rather
than the number of persons per household

tended to result in a slightly better overall

model fit.

Because the household employment income
variable (the natural logarithm form rather
than the linear form) was statistically
significant and satisfied the other criteria, it
was selected for the final model specification.

Two variables describing housing density
were tested, the first taking into account

the natural logarithm of the housing density
within the neighbourhood only, the second
being the natural logarithm of the number of
housing units within a one-kilometre radius of
the node centroid. The latter provides a more
standardized measure that conceptually has
the same impact regardless of the size of the
neighbourhood being evaluated, and also
resulted in a better fit in the model runs.

It was robust, statistically significant

and the sign was as expected. Therefore it
was selected for the final model.

Distance to the CBD was statistically
significant and was selected for the final
model. When this variable was not included,
variables denoting neighbourhood housing
density and bus vehicle service hours picked
up most of the slack, as these variables are
correlated with distance to the CBD.

Bus vehicle service hours are intuitively
an important factor in household vehicle
ownership decisions, since an attractive
alternative to automobile ownership and
usage gives a household real travel options.
The variable was robust, statistically
significant and the sign was as expected.
Therefore, it was selected for the final
model. The coefficient of the distance

to the CBD variable is reduced by half
when the variable denoting bus vehicle
service hours is introduced to the mode.
The strong interrelationship of these

two variables is very noteworthy.

Page 21




Sy
=

hbourhood sustainabi

ng nei

Tool for evaluati

issions from urban travel

1SS

Greenhouse gas em

ansners 4 (0000
“FSPOW [BUY YL UL PASNH BJaM UDIum SSOY} 1asaIdas LLNIOD PSPBYS SYI Ul UMOUS LA . Q! 50 60| peumeu = uj JUBPIYB00 BjQeUBA 0000
ISIJON
RO | L19°0 | 180 | 180 | Li8°0 €180 be0 [ s9g'e | zeeo | zie0 | sze'0 | 1i8'0 | 0280 | 480 [ 0i8°0 | 02806 | £99°0 | O8O | ¥SL0 | 0ri0 840 Y
B Gsi SUIbus} pEs)
iia orLo- - 1€30} ©) $3)n0s MY (€10} JO oney
2 [ET2) SyIbud| peos [€io)]
£860°0- - 0] $8YN0 ANIG 1994S-UO JO ONjeY
(€e0's) (o1 syibua) peas a0
6240 5810 + O} peo) jRUBLE Buel-¢ JO oneY
€se0)
i 9200°0- + Aseuiq - speos jeyape auej-g
- [£753] 69
22600 21E0°0 - XiW 9Sn-puey
vy 91
o 91070~ £220°0- - {un g Liyiim sqol) uy
@50y @z
S0¥00°0~ 09L0°0- - (st | urym sqol) vy
2 {vze)
8040 + PIOYASNOY/SUOSIBY
@50) {9v'}
85200000 v0-32v°2 + PIOYASNOY/UR-PEOS
= . [ [{%7])
i 3 £0010°0 £9L0°0 - UN-PROISUONOISIBIUY
i el (65°2)
= 82170 282000 > Buisnoy paydeeq %
[ 16009 @
: §8100°0- 005070 + wnohe| peol jeiny
[T ] e | Gen | (o | e | (oD | Gra | (5o | e | ©Fn [
agzew- | 16200 | evzoo | eszoo | szo 26200 | 25600 | 22600 | £820°0 | 16200 SEE0'0 + N0AE] PROS JEBUNIAINGD
T G0+ (€o'v) {way)]
3 15800°0- v2800°0~ +* (0D 10 14) usues 0} sourIsI
ey ] e | (ge) | Gee) | Gze) | e | G | (eie) | Ge | Ge | oe e g
CYESEei ] v6v0'0- | 90500~ | 0150°0- | ZIsO'0- | 66200~ | L6600~ | vevoo- | Zee0o- | Zigoo- | e9co0- 2080°0- - wy 1 urm vones ysuen pidey
FAST ] o) [ G0 | Gem | G819 | ®23 | GL | @or | @red | wed | @ | 8e) (X3
Z8290°0<':1 £1200°0- | 06200°0- | £6200°0- | 16200°0- | 65800°0- | ¥9z00°0- | 9400'0- | €000 | £E00°C- | 68EOOO- | ZZPOOC- ) - wn) | UIYIM SBI0)S JO JBQINN
Al | 60 | @aD | Wed | @re | en ©rm | ©5m | (69 | v | e | 0ow) | Giw | @99 | G (5]
#2eO1 ve0'0 | 9seoo | seeo0 | eveoo | w00 zzvo'0 | 9zv0'0 | ozvo'o | szvoe | ssv00 | evvoe | sro0 | scvoo | zvroo 82£0°0 + pun Buisnoysswooy
Sy | (e | Be) | 0% | @6e) | Goed | E2) | Gee) | @060 | @oe) | Bee) | Geed | ey | GEed | @ET | @oed 6
3w aee | ewo- | ostro | zive- 2040~ | 6£20°0- | tzi'o- | 604°0- | 601°0- | ®ir0- | soto- | sovo- | z0t0- | tire- Lo Lo - xitw sa16010dA) Buisnoy
I..N.Mi EZE) | wee) | Gzor | eee) (zv'e) W) (o) | Gred T @red) {55} (oe'e) | (ze6) | (686 | (526) | Uge 9'LL) (69'¢") {snipes wi-1) Sanoy
#eco0e- | 062000~ [ 066000~ { 898000~ |68E00°0- | 285000~ | 9¥v00°0- | £1900°0- |80300°0- |60v00°0- | vsE00°0- | suvoo0- | 2es000- | sisovo- | sosooe- | Lisooo- | Lesoore- £9200°0- - OIS B[INYBA USUR) ABPHIIM,
420 Gz Tozo | Gz [ (ven @
00 €0E0 | 0050 | 2080 | 6L0CD {82 + {swoduy) “dwia ployasnoy) uy
[ [(X7Y) {'e) (soty | (5ot} (ot Gon ©°01) (zoL) {or) ®01) {res) {9'02) 000°15)
: 98v00'0 | $2500'0 | 205000 | 46v00°0 ] 169000 | 8v00°0 | Zuv00'0 | 18Y000 | 985000 | S8v00'0 | 8¥000 | 8¥500°0 | 82000 + 2woou! ‘dwa PIOYISNOH|
&wy ]G80 | (bed | e | (6D (XY [FA74) gy | (oet) | (oe) | (661) ozl | {(o02) o2y (goz) | {o0z) | (6c€a) | {cvt) | (0v2) (6gL)
e svro | evvo | evvo | o 85v'0 2ep0 | w0 | ssro | ssvo | eov0 | zmvo | eav0 | sivo | eavo | ezro | oesso | 2950 | 1eso 99¥4'0 + PIOYBSNOY/SHNPY|
e 658} | (es'e} | (65°¢) | (658 | (8227 Grd) | (v | e | ©08) | (oae) | (G829 | @oe) | (Zve) | G6s) | ©oe) | @oid | (6v6) | (€0r) | 6z {98°1)
SBADD~ ] 02600~ | 9950°0- | 0250°0- | 6950°C- | 88500~ | 8950°0- | 66200- | 9¥500- | wps00- | 1850 | 10S0°0- | €450°0- | Zev0'0- | cavoo- | si50°0- | ss0'0- | ezeve- | ze800- | zovo- | smsoo- - (wny § umm Buisnoy) u)
oS @e | Ge9 | Gze | GTe 95°9) €9 (6s0) | (209 | (o®) | (6v') | (w29 | (cew) | (859 | (©e9) | (902 | (c6v) | ween) | oo 1662
$9900°0.{ 02900°0 | 825000 | 63500°0 | 125000 | 695000 | Z¥so00 99500°0 | $9500°0 { 8v200'0 | v0900°0 | 99500°0 | 89¥00°0 | v9500'0 | ¥200°0 | S0900'0 | 91t00 | zz100 | s8000 | eseooo + (wy) agd o3 eouesIQ
(X 7] o6} | (966 | (v66) | (96%67) (99°¢) (65'¢) {ere) (8ge) | (es¢) (o) e) {or'e) e (ve) {6c°€) {85°5) {61°§) (os¢) {zou) 6697
i 0‘«’ : yse- £5°C 25¢ €52 $9ED 2050 L0 vLE°0 1280 v8€°0 6920 Lo iy'0 $2€°0 £LE0 8iv°0 £EY'C SLE0 6€6°0 £0'z- jueIsuo)
il o — adh s — o
0L [ 3 Y [ 0y vt b 13 [ [ 3 [ Z 5 [ v T z T [ SReANV | UBiS SIqEHEA

suny [opoy 1] uoissaibay ajeleA-RINK aidwis :ployasnoH/diysiaumo ajo1YsA
vl HqQiyx3g

Page 22



Greenhouse gas emissions from urban travel: Tool for evaluating neighbourhood sustainability

The distance to either a rapid transit
station or a GO station was tested as an
explanatory variable in several different
forms. A variable representing the actual
distance to transit had a reasonable t-statistics
in some runs but did not hold a consistent
sign when used in combination with some
other key variables. A binary variable
denoting whether there was a rapid transit
station within one kilometre was the only
variable that consistently retained the
expected sign of the coefficient and it
was, therefore, selected for the final
model specification.

Variables that describe housing typology
tend to improve the model fit. The coefficient

“values indicate that a high degree of housing

types mix can reduce auto ownership and,

as a result, was specified in the model.

The variable denoting the average size

of a neighbourhood’s housing units, in rooms
per unit, was also robust and statistically
significant. The percentage of detached
housing in an area was also robust for a
number of model runs, but tended to reduce
the statistical significance of other variables
when it was included, perhaps because of a
higher degree of correlation with these other
variables. Rooms per household was favoured
over this variable in the final model, as it
resulted in a slightly stronger overall model
fit, and also because the policy implications
of the model results seem clearer.

Variables denoting proximity to work and
services—jobs within a one- or five-kilometre
radius—were tested in several runs but tended
not to be statistically significant in the auto
ownership sub-model. However, the two
variables were retained for the final model
because of good results in the auto VKT and
transit PKT sub-models.

Land-use mix (balance between housing and
jobs) was not statistically significant in this
sub-model, although it was retained in the
auto VKT model.

» Proximity to shopping was retained for
the final model because it is statistically
significant and meets the other criteria.

« The only binary variable to denote different
road layout types that was statistically
significant and gave the expected coefficient
sign was a variable denoting a curvilinear
road type, which includes both random and
regular curvilinear streets. The final auto
ownership model includes a binary variable
denoting curvilinear road type with a positive
coefficient sign.

»  The variables road-kilometres per household
and intersections per road-kilometre,
were not statistically significant in the
auto ownership runs tested, although
intersections per road-kilometre was
significant in the auto VKT sub-model. As a
result, only intersections per road-kilometre
was retained in the final model specification.

¢ Variables denoting the presence or extent.of
arterial roads were not statistically significant
in the model runs and were therefore not
included in the final auto ownership model,
(but were included in the auto VKT model).

e The variable denoting the ratio of the length
of bike routes to total roadway lengths in the
traffic zone was statistically significant and
was retained in the final model.

The highest R? values achieved for a rational
auto ownership sub-model (i.e., a model in which
the explanatory variables used were statistically
significant and had the expected coefficient sign)
using a simple multivariate regression approach
was 0.88 in run 20. This is an excellent result
considering the many factors that go into auto
ownership decisions.

Auto VKT sub-model

Using a univariate regression analysis approach,
many of the variables show excellent potential to
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predict auto VKT per household. The strongest
of these is distance to CBD, with an R? of 0.72,
followed by the natural logarithm of the number
of jobs within a five-kilometre radius (R? of 0.69),
then auto ownership (R? of 0.67). It is extremely
important to acknowledge that there is a high
degree of covariance between some of these
variables, which can lend high explanatory power
from one variable to another that is correlated
with it. The effects of the individual variables

can be isolated using multivariate regression.

Exhibit 15 shows the results of some of the
many simple multivariate regression analyses
that were carried out using weekday auto VKT
as the dependent variable. Listed are some of the
observations made regarding the performance of
these variables in the regression analysis.

*  Auto ownership per household had coefficient
values in the order of 20 to 25. The variable
was statistically significant and the sign was
as expected. Therefore, it was retained for
the final model.

* . Variables denoting household size were
statistically significant and met the other
criteria, so they were retained for the final
model. There seemed to be no significant
difference in the strength of linear expression
of household size and its natural logarithm.
In the end, the natural logarithm form of this
variable was chosen because it had a slightly
better fit in the univariate analysis, and it is
also intuitive that there are some economies
of scale for travel needs in larger households,
as the natural logarithm implies.

* Individual worker income (expressed
here in $000s) seemed to be a more
robust and statistically significant variable
than household income. It was retained in
the final model.

* The variable, distance to the CBD, was
statistically significant and was retained for
the final model. When this variable was not
included in the model tests, the coefficient of
the variable denoting job accessibility within

five kilometres increased in strength. The
relationship between these two variables is
discussed in the next point. The coefficient
of the distance to rapid transit or GO Transit
variable also increased in strength.

The natural logarithm of the number of jobs
within a five-kilometre radius of the node
centroid was the only variable that caused

a significant drop in the distance to CBD
variable’s coefficient, reducing its value by
almost half.* The number of jobs within

five kilometres variable tended to have

a larger t-statistic and coefficient than a
variable denoting the distance to the nearest
employment node, and was also preferred for
the reasons discussion in Chapter 3. It was
retained for the final model.

Including another measure of proximity

to employment, the number of jobs

within one kilometre, tended to result in

an unexpected sign of the coefficient and
was therefore not included in the auto VKT
sub-model. It was significant in the transit
PKT sub-model. .

Land use mix was statistically significant
and robust, and the signs were as expected.
Therefore, it was retained for the final model.

The variable, road-kilometres per
household, was statistically significant

and had the expected coefficient sign,

but because of adverse policy implications
(i.e., compromising the connectivity of
streets in reducing total roadway length), this
variable was not included in the final model.

The variable, intersections per road-
kilometre, was statistically significant and
gave the expected coefficient sign (negative).
As a result, it was retained in the final

model specification.

The final auto VKT mode] includes a binary
variable denoting a rural grid road type that
is quite significant statistically and has a

moderately high coefficient value. This was
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the only road layout type variable that was
statistically significant in the auto VKT model
test runs and was retained for the final model.
The coefficient of this variable dropped when
intersections/road-kilometre was introduced.’

*  Variables denoting the presence or extent
of bike routes in the traffic zone were not
statistically significant or resulted in counter-
intuitive signs for the coefficients in the auto
VKT model.

*  The variables showing the ratio of wide
arterial roads to total roads in the traffic
zone was the most robust of the wide arterial
road variables. Its t-statistic of 1.42 in the
simultaneous regression indicates that
confidence in the statistical significance
of this variable is relatively high, although
somewhat less than the 95% level indicated
by a t-statistic of 1.65. It was therefore
retained in the final model.

¢ Including the variable denoting number of
local transit vehicle service hours in the auto
VKT model] often resulted in an unexpected
sign for the coefficient. However, the variable
had the expected sign in the auto ownership
model and was retained in the final model.®

* Distance to either a rapid transit station or
a GO station was tested in several different
forms, for example, as a binary variable
(1 if true, O if false) reflecting whether
the zone was within a specific distance
(e.g., one kilometre) of a GO station or a
rapid transit station. The variable that proved
the most robust in the auto VKT model results
was the distance to either a regional or rapid
transit station, in kilometres and was retained
for the final model. Including this variable
improved overall model fit, and had
coefficient values in the order of 0.5.

* Housing density measures were statistically
significant explanatory variables in initial
runs, but decreased in statistical significance
and robustness when other variables were
added and were, therefore, not included in

s

the auto VKT sub-model. It was retained in
the auto ownership sub-model.

¢ Variables describing the housing in a
neighbourhood (e.g., structural housing
type, housing mix, heusing size) generally ~
were not statistically significant in the auto k
VKT models tested and often resulted in
unexpected coefficients for these variables. .
As a result, they were not retained in the
auto VKT sub-model, but were in the auto
ownership sub-model.

Auto VKT and auto ownership simultaneous
regression analysis

This simultaneous regression analysis used
household auto ownership levels, as predicted

by a multivariate regression model, as an
explanatory variable in the auto VKT multivariate
regression model. The household auto VKT and
vehicle ownership models resulting from this
analysis had R? values of 0.84 and 0.88 i
respectively which indicates a high level
of reliability for these models.

The only significant difference between the

auto VKT and auto ownership models developed
using simple multivariate regression and those »
developed using simultaneous multivariate
regression analyses is, with respect to the
variable, vehicles per household. Its coefficient

is expected to decrease in the simultaneous
regression approach vs. the simple regression
analysis. This is due to using predicted (and
therefore somewhat less accurate) values of
vehicle ownership in simultaneous regression.
However, use of the predicted number of vehicles
rather than the actual number of vehicles reduced
the coefficient only a small amount due to the
good fit of the auto ownership sub-model. The
exponential form of the vehicles-per-household
variable was also tested, but did not increase the
predictive strength of the model. Hence, the linear
form was retained for simplicity.

Exhibit 16 shows the final household auto
ownership and auto VKT model specifications.’
For each independent variable, the average value,
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the range of values and the standard deviation
of the observed values are included. Many
simultaneous regression model tests were run,
but only the final results are shown here. A
comparison of the statistical significance and
coefficient values for the variables in Exhibit 16
with those in the corresponding model runs of
exhibits 14 and 15 shows no significant
differences except for two variables in the auto
VKT model: vehicle ownership and household
size. As noted above, the difference in the vehicle
ownership variable is to be expected. The
coefficient of the variable denoting household
size, with which household vehicle ownership is
closely related, increases to compensate.

Transit PKT model

Developing the model of transit passenger-
kilometres travelled per household was more of
a challenge than developing the auto VKT model.
It was often more straightforward to declare an

model than for the transit PKT model. This is
due to the fact that incentives to increase transit
use also increase the possibility of choosing
non-motorized travel modes, such as walking or
biking, and can reduce the number and length of
motorized trips required. A low transit PKT value
can indicate a low percentage of total trips being
made by transit, even when those transit trips are
quite long, or it could indicate that transit is quite
well used but the trips are short.

As in the development of the auto VKT and
auto ownership models, numerous variable
combinations were tested in developing the transit
PKT model. Exhibit 17 shows a sample of these
individual multivariate regression test models,
which use observed values of auto ownership
whereas the final simultaneous regression model
was calibrated using predicted values of auto
ownership. Some observations regarding the
performance of individual variables when
combined with other variables are discussed.

expected sign for a variable in the auto VKT

Exhibit 16
Final Auto Ownership and Auto VKT Models
Auto VKT Equation R’=0.836; Vehicle Ownership Model R*=0.878
Study Area Values
Description Coefficient t-stat Average | Minimum | Maximum | Stnd. Dev. |
Constant 34.5 3.57
Distance to CBD (km) 0.680 9.17 22.1 0.30 76.6 15.0
Average vehicles per household 151 7.62 1.46 0.128 3.77 0.504
Ln{no. of jobs within 5-km radius}) -3.60 -5.19 10.76 4.87 13.16 1.74
Land-use mix within 1-km radius -8.73 -2.79 0.845 0.123 1.000 0.1496
5 Ln(avg. no. of people per household) 17.45 5.18 1.006 0 1.504 0.210
§ Distance to nearest GO or RT stn (km) 0.534 3.54 3.48 0.046 34.32 4.61
= Average employment income ($1000s) 0.2282 4.64 334 14.6 100.9 11.0
£ |Road type = rural grid (binary) 5.51 3.47 0.237 0 1 n/a
2 | Intersections/road-km -1.14 -2.23 2.80 0 7.42 1.36
3 Ratio of wide arterials to total road lengths (non-exwy) 12.97 1.42 0.0145 0 0.693 0.0526
Study Area Values
Description Coefficient t-stat Average Minimum | Maximum | Stnd. Dev.
Constant -2.310 -9.22
Distance to CBD (km) 0.00448 5.30 22.07 0.30 76.6 16.0
No. of adults {(age 16+) per household 0.433 18.71 2.19 1 3.5 0.340
Ln{Household income ($)} 0.287 11.68 10.8 9.2 12.0 0.394
Weekday transit vehicle service hours {1-km radius) -0.00399 -6.52 20.2 0 105.2 21.7
a No. of stores within a 1-km radius -0.00285 -1.91 4.03 0 49 6.62
'E Housing types mix in neighbourhood -0.1240 -4.31 0.514 0 0.973 0.268
g Ln(housing units, 1-km radius) -0.0507 -8.88 7.546 1.86 10.29 1.744
g Average dwelling unit size (rooms/unit) 0.0365 40.39 6.422 2.90 9.90 1.382
% Rapid transit station within 1 km (binary) -0.0539 -2.43 0.152 0 1 -
:5 Road type = curvilinear (binary) 0.0291 1.80 0.288 0 1 -
= JRatio of bike routes to total road lengths (non-exwy) -0.252 -2.95 0.0311 0 0.790 0.0778
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» The most robust variable was that of the
number of persons per household. Other
indicators of household size, such as adults
per household or the natural logarithm of
these variables, were also tested, but
persons/household provided the best fit
and was retained in the final model.

»  Household vehicle ownership was also
robust and statistically significant and
therefore retained for the final model. The
coefficients of this variable had the expected
negative sign: as vehicle ownership increases,
household members choose to drive more
instead of using transit alternatives. It is
especially interesting to see how strong
this variable is in the multivariate analysis,
as the univariate analysis suggests virtually
no relationship between household vehicle
ownership and transit PKT. The coefficient
values imply that each vehicle a household

" owns reduces transit use by about four
kilometres. Household vehicle ownership
was selected for the final PKT model.

*  Employment density, expressed as the
number of jobs within a one-kilometre
radius, consistently had a negative sign.

It would at first be expected that a higher
density of jobs and services in an area would
increase transit ridership, but at the same time
it reduces trip lengths and encourages non-
motorized travel. Hence, the net effect would
be a reduction in PKT, and the expected sign
on this coefficient is negative, as it is in the
final model specification.

* In the same manner as for employment
density, an increase in the number of
shopping opportunities within one kilometre
would reduce the number and length of
motorized trips needed. Hence the expected
sign for the coefficient for the number
of grocery stores within one kilometre is
negative. This variable was statistically
significant and surprisingly robust.
Coefficient values were in the order
of -0.17 to -0.2. This variable was
retained for the final model.

Housing density, expressed as the natural
logarithm of the number of units within a
one-kilometre radius of the neighbourhood
centroid, displayed a positive coefficient

in the models tested and was consistently
statistically significant. This coincides with
the general understanding that a certain
threshold housing density needs to be
achieved to allow for efficient transit service.
Thus, it was retained for the final model.

The relationship between transit PKT per
household and distance to the CBD was
expressed as a quadratic function by the
inclusion of both a linear and a quadratic
variable. This pair of variables performed
much better than a single linear variable.
Both variables were consistently robust
and statistically significant and produced
the expected sign to replicate the curve in
Exhibit 17 and, as a result, were retained
for the final model.

The number of jobs within a five-kilometre
radius tended not to be a statistically
significant variable, even without the
inclusion of variables measuring the

distance to the CBD. Therefore, this

variable was not included in the transit

PKT sub-model, although it was retained

in the auto VKT sub-model.

Because the two groups most likely to

use transit are youths and the elderly, it
was expected that the proportion of the
population under 16 years of age would
be a good predictor of transit use. However,
this variable tended not to be statistically
significant in the models tested and was not
retained in the transit PKT sub-model.

As would be expected, variables that describe
the level of transit service available were
robust and statistically significant. The
variables denoting the distance to the CBD
where a rapid transit station was within

one kilometre and the distance to the CBD
where a GO Transit station was within
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two kilometres, also met the criteria and,
therefore, were retained for the final model.

e Variables that denote wide arterial roads in
the traffic zone were statistically significant
in the test model runs. However, the expected
sign of the coefficient is debatable. Whereas
wide arterial roads can increase the speed
of transit trips, every transit trip involves
wolking, and such roads are expected to
decrease the “pedestrian friendliness” of the
area. Hence this variable was not included in
the final transit PKT model.

»  Of variables describing the extent of bike
routes in the traffic zone, the binary variable
simply denoting the presence of any bike
route in the traffic zone was found to be the
most statistically significant, and was retained
in the final model.

e Other variables were also tested: income
variables, number of intersections per
road-kilometre, variables indicating
road layout type and variables describing
neighbourhood housing. These were not
retained in the PKT sub-model, as including
them often resulted in unexpected signs for
the coefficients or they were not statistically
significant. However, they were retained in
the final model due to good results in the
other two sub-models.

The final model specifications can be seen

in Exhibit 18." In this model, values of auto
ownership as predicted by the vehicle ownership
model, were used in the model calibration.

The final transit PKT model uses auto ownership
levels predicted using the auto ownership
regression model. The overall fit (R?) of transit
PKT model is reduced slightly by using predicted
auto ownership levels: from 0.35 to 0.33 but the
use of predicted auto ownership was felt to be
more consistent with the approach used for the
auto VKT model. Given the low R? value, the
transit PKT model should be observed with a
degree of caution.

Model validation and sensitivity

In addition to R? values for evaluating a model’s
goodness of fit, plots of predicted vs. actual
values of the dependent variables can provide
insight. Exhibit 19 shows such a plot for
household auto ownership. It can be seen that, in
general, the points fall very close to the diagonal
predicted-equals-actual values line, which gives
added confidence regarding the model’s results.

Exhibit 20 is a plot of predicted vs. actual values
for household auto VKT. This plot shows that, in
general, the model predicts quite well, with most
points lying quite close to the diagonal. There are
about a dozen points where the actual weekday
auto VKT per household was over 120 kilometres,

Exhibit 18
Final Transit PKT Model
Transit PKT Model R*=0.329
Study Area Values
Variable Coefficient t-stat | Average | Mini Maximum | Stnd. Dev.
Constant -7.03 -2.88
Distance to CBD {(km) 0.182 3.20 22.1 0.30 76.6 15.0
Distance to CBD (km), squared -0.00294 -3.94 n/a n/a n/a n/a
Predicted avg. vehicles per household -2.84 -2.57 1.461 0.13 3.77 0.504
Transit VSH within 1-km radius of centroid 0.7687 4.30 20.2 [ 105.2 21.7
g In(housing units within 1-km radius) 0.870 3.66 7.55 1.86 10.3 1.7
O |Avg. household size (persons/household) 5.47 10.66 2.79 1.0 45 0.55
E In(Jobs within 1-km radius of centroid) -0.496 -2.60 7.40 0 12.3 2.0
E No. of stores within 1 km of zone centroid -0.165 -4.40 4.03 0 49 6.62
% [RT stn within 1 km (binary) x distance to CBD (km) 0.243 3.95 0.930 0 17.9 2.73
§ GO stn within 2 km (binary} x distance to CBD (km) 0.023 1.46 5.529 0 46.7 10.83
= IBike routes in neighbourhood (binary) 0.6422 1.56 0.264 [3] 1.0 -
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Exhibit 19
Household Auto Ownership Model Validation: Predicted vs.
Actual Values

Actual Vehicles/Household

e InnerArea ainnerSuburbs » OuterSuburbs

Exhibit 20

Weekday Household Auto VKT Model Validation: Predicted vs.

Actual Values
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Exhibit 21
Weekday Household Transit PKT Model Validation:
Predicted vs. Actual Values

Predicted Weekday Transit
PKT/Mousehold

25 30 35

Actual Weekday Transit PKT/household

e innerArea ainnerSuburbs » OuterSuburbs

but the model under-predicted
the VKT values by 40 VKT

or more. These points all
represent zones throughout

the outer suburbs, and are all
25 kilometres or more from
the Toronto CBD. No common
characteristics could be detected
among these high-travel zones
that would improve the

model fit.

Exhibit 21 shows predicted vs.
actual values for transit PKT per
household. As can be expected
from the lower R? values for this
model, the plot does not show

as good a fit as the previous

two sub-models. Most notably,
the model’s range of predicted
values is significantly less than
the range of actual values:

actual values of transit PKT

per household are as high as

33 PKT, whereas the model
predicts no more than 19 PKT.
This plot shows that the points
representing the inner area

zones lie closest to the diagonal,
whereas areas in the outer
suburbs are not predicted as well
by the model. The points with
the highest actual values of PKT
all represent traffic zones that lie
roughly 20 to 40 kilometres from
the CBD. Some, but not all, of
the traffic zones for which transit
PKT values are the most under-
predicted are in the general
vicinity of GO Transit stations.
This points to the difficulty

of using a single regression
equation to estimate transit travel
when a variety of transit services
are provided. Perhaps a measure
of GO Transit service in addition
to GO station proximity would
improve the model fit to

some extent.

Page 31




Greenhouse gas emissions from urban travel: Tool for evaluating neighbourhood sustainability

A sensitivity analysis was undertaken of auto
VKT and transit PKT per household to changes
in the variables incorporated into the models.
For this analysis, the values of all variables
were held at the study area average values
while one explanatory variable was modified
across the range of observed values. For this
analysis, the auto ownership model was
intrinsic to the other two models: changes

to auto ownership by changing the value of
an explanatory variable would be reflected
in the resulting auto VKT or transit PKT

for each case.

The impact of the explanatory variables on auto
VKT and transit PKT can be seen in exhibits 22
and 23, respectively. The slopes of the resulting
lines are included in the graphs. Where the
sensitivity analysis results in a curve, the slope is
given at the average value of the variable. These
exhibits show that the variables with the greatest
impact on auto VKT tend to be the locational
factors, followed by the socioeconomic ones.
Neighbourhood design factors also have an
impact, but not to the same extent. The
implications of this for urban development
planning to reduce transportation GHG
emissions are discussed further in Chapter 5.

Another way to evaluate the impacts of each
variable is to observe the “impact” of the variable,
that is, the contribution the variable makes to the
dependent variable, compared to that of all the
other variables. Exhibit 24 shows the “impact”

of each variable given a 10 per cent increase in
the variable from the average value. A broader
evaluation of the overall impact of the variable

is also provided.

Summary of Multiple Regression
Analyses and impact of Variables

The key variables affecting auto ownership,
which in turn impact GHG emissions from
auto and transit travel, are as follows (listed in
approximate order of decreasing importance):

* number of adults in the household;

¢ household income;

* dwelling unit size;

¢ distance to the Central Business District; and
¢ local transit service.

Average dwelling size, the mix of structural
housing types, accessibility to shopping, whether
there is a rapid transit station within 1 km, and
the presence of a curvilinear road layout type
also had statistically significant relationship with
household vehicle ownership levels.

The key variables affecting auto travel (VKT)
directly are as follows (again, in approximate
order of decreasing explanatory strength):

* distance to the CBD;

* vehicle ownership;

e employment within 5 km;

» people per household;

* land-use mix;

¢ personal income.

Distance to regional or rapid transit stations,
whether the road layout type is rural, and the
number of intersections per road-km were also
statistically significant variables in explaining

auto VKT.

Transit travel (PKT) was directly affected by
the following:

* local transit service is tied with number of
people in the household;

* auto ownership;

» distance to the CBD (expressed as a quadratic
functional form);

* neighbourhood housing densities;
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Exhibit 22

Impact Of Various Factors On Weekday Household Auto VKT*

Soclo-Economic Variables
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Note: *VKT given variable of interest’s coefficient multiplied by the range of its observed values.
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Exhibit 23

Impact Of Various Factors On Weekday Household Transit PKT*

Socio-Economic Variables
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* presense of rapid transit station within one
kilometre;

* presence of local shopping and employment -
opportunities;

» presence of bike routes in the neighbourhood;
and

* presence of commuter rail stations within two
kilometres.

Development of Emissions Factors

The three main components of greenhouse gases
(GHG) are carbon dioxide (CO,), methane (CH,)
and nitrous oxide (N,O). Carbon dioxide is by far
the most significant GHG, accounting for over

81 per cent of the impact of anthropogenic

GHG emissions from all sources in Canada and
approximately 91 per cent from transportation
sources. “In general, CO, emissions are well-
developed for many sources, CH, factors are less
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Exhibit 24
Impact Of Explanatory Variables on Household Auto VKT, Transit PKT and Vehicle Ownership
% change in VKT due
to 10% increase in jOverall Impact of]
Description variabte * Variable ?
Constant ni/a n/a
Distance to CBD (km) 2.90% *k
Average vehicles per household 4,25% * Kk %k
Ln{no. of jobs within 5-km radius)® -0.66% * %
5 jLand-use mix within 1-km radius -1.42% * %
B [Ln(avg. no. of people per household)® 3.21% * kK
§ Distance to nearest GO or RT stn (km) 0.36% *
& JAverage employment income ($1000s) 1.47% * %
> |Road type = rural grid (binary) 0.25% *
£ lintersections/road-km -0.62% *
3 Ratio of wide arterials to total road length (non-exwy) 0.04% *
% change In PKT due
to 10% increase in |Overall impact of|
Description variable ! Variable ?
Constant n/a n/a
Distance to CBD (km) 3.72% *k
Distance to CBD (km), squared -1.33% * x
Predicted avg. vehicles per household -3.84% *k K
< | Transit VSH within 1-km radius of centroid 14.38% * kK
B Jin(housing units within 1-km radius)® 0.77% *
Ig Avg. household size (persons/household) 14.13% * ko
= Yin(Jobs within 1-km radius of centroid)® <0.44% * %
@ INo. of stores within 1 km of zone centroid -0.62% *
G |RT stn within 1 km (binary) x distance to CBD (km) 0.21% **
S ]GO stn within 2 km (binary) x distance to CBD (km) 0.12% *
+ |Bike routes in neighbourhood (binary) 0.16% *
% change in veh/hh
due to 10% increase in| lmpact on Auto |Impact on Transit] Overall impact
Description vartable * VKT PKT of Variable ?
Constant nfa n/a n/a nfa
Distance to CBD (km) 0.65% 0.19% -1.84% * %
No. of adults (age 16+) per househoid 6.23% 1.81% -17.66% * K%
Ln(Household income (3))° 1.79% 0.52% -5.08% * ok x
:g- Weekday transit vehicle service hours (1-km radius) -0.53% -0.15% 1.50% * %
1 | No. of steres within a 1-km radius -0.08% -0.02% 0.21% *
% FHousing types mix in neighbourhood -0.42% -0.12% 1.18% * %
§ Ln{housing units, 1-km radius)® «0.32% -0.09% 0.90% *
3 Average dwelling unit size (rooms/unit) 1.54% 0.45% -4.36% * %k
B |Rapid transit station within 1 km (binary) -0.05% -0.02% 0.15% *
lf":j Road type = curvilinear (binary) 0.05% 0.02% -0.16% *
> JRatio of bike routes to total road lengths {non-exwy} -0.05% -0.01% 0.15% *
! Based on 10% increase of variable value from GTA average, muitiplied by coefficient value, and divided by VKT/PKT/vehicle ownership
value resuiting from average values.
2 3 stars - strong impact on dependant variable, 2 stars - medium-strong variable, 1 star - contributes relatively little to dependant variable
¥ The base variable is increased by 10%, rather than the natural logarithm

well-defined, and N,O factors are often limited
and less certain” (Environment Canada, 1997).
The emissions factors used in this study represent
a combined value for the three primary
greenhouse gases and are expressed in CO,
equivalents. Two sources were used to develop
representative GHG factors (IBI Group, 1998).

'As shown in Exhibit 25, where GHG emissions

are plotted on a passenger-kilometre basis for
various travel modes, personal road vehicles are
by far the most GHG-intensive modes of personal

transportation. When expressed on a passenger-
kilometre basis, automobiles emit over eight times
as much CO, as rapid transit modes and about

2.4 times as much as urban buses. (This value is
based on a weighted average of 1.4 passengers
per automobile; the model developed in this

study predicts auto-driver VKT.)

Auto emission estimates in this study and in the
spreadsheet tool are based only on VKT, using an
average fuel efficiency for all driving conditions
and for all vehicle types. It should be kept in mind
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Exhibit 25
GHG Emissions by Passenger Transport Mode
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Source: Based on figures derived for the “OECD Environmentally Sustainable Transportation (EST) Study—Québec-Windsor
Corridor,” Draft report on Phase 2, Prepared for Environment Canada by 1Bt Group in association with A.K Socio-Technical
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that in-vehicle idling or stop-and-go congested
traffic conditions, for example, result in lower
fuel efficiency and greater GHG emissions than
uncongested travel. Furthermore, it is well known
that different types of vehicles have widely
different fuel efficiencies.

The annual emissions as calculated by the
spreadsheet tool result from multiplying the
daily estimated household travel values by
expansion factors that account for expanding
weekday travel results to annual travel,
underreporting of discretionary trips in the
1996 TTS data set and the amount of CO,
produced per kilometre travelled.

For auto VKT, the expansion factors were
developed as follows.

* The TTS data sample used in this
study included households owning a
total of 1.92 million vehicles. Taking
18,000 kilometres as the average mileage
per vehicle per year (Environment Canada,
1997) results in a total of 34.7 billion annual
VKT for the households in the data set.

Applying an underreporting adjustment factor of
1.47 to the total reported vehicular trips, the total

weekday VKT for the households in the data set
was 88.9 million kilometres. This results in a
weekday-to-annual household VKT expansion
factor of 390. The fact that the factor is greater
than the number of days in a year implies that
weekend (and holiday/vacation) trips are longer
than weekday trips on average.

* Environment Canada calculates a weighted
average fuel efficiency of 11.3 litres per
100 kilometres, and 2,360 grams of CO,
production per litre of fuel. Therefore,
one vehicle-kilometre of auto travel produces
267 grams of CO, or 294 grams of GHG in
CO, equivalents.

* In summary, each unit of VKT predicted
by the model is multiplied by 1.46 (under
reporting factor) x 390 (weekday to annual
trips factor) x 294 grams (CO, equivalents
per vehicle-kilometre travelled).

The expansion factors for transit PKT were
developed as follows.

» The annual transit passenger-kilometre
travelled within the Toronto CMA in 1996 is
6.5 billion PKT. Proportional to the number
of households in the data set, reduced by
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the households in traffic zones that were not
statistically significant, this value is 6.4 PKT.

The total weekday PKT for the households
in the traffic zones in the data set was
21,243,000 PKT (after applying an
underreporting factor of 1.30). Hence, the
appropriate weekday-to-annual household
PKT expansion factor is 300. This is less
than the number of days in a year, which
implies that total weekend travel by transit is
less than weekday travel—a reasonable result,
given the high prevalence of transit use for
work trips.

* Recognizing that the various public transit
modes generate varying levels of COy
emissions, as show in Exhibit 25, simple
regression models were developed using the
TTS data to estimate the percentage of transit
trips that are by rapid transit, commuter rail,
and bus modes. These are based on distances
to the nearest commuter rail or rapid transit
station, and distance to the CBD (endnote 11).
For simplicity, it is assumed that the
percentage of trips is proportional to the
PKT percentages. The appropriate emissions
factor for each transit mode -22 g CO,/PKT
for subway, 47 g CO,/PKT for commuter rail
and 81 g CO,/PKT for buses—is then applied
to the transit PKT values by mode.

* In summary, each unit of VKT predicted
by the model and further refined by transit
mode is multiplied by 1.30 (underreporting
factor) x 300 (weekday to annual trips
factor) x appropriate CO; equivalents per
passenger-km travelled.

Spreadsheet Tool for Evaluating
Neighbourhoods

The main purpose of this study is to develop
a user-friendly tool to facilitate use of the final
model, the development of which was discussed

in this chapter, for the evaluation of GHG
emissions for any neighbourhood, as described
by its community design, locational and
socioeconomic characteristics. The spreadsheet
tool was used in evaluating the nine different
neighbourhood scenarios in Chapter 5.

The tool is stored as a file, "tool.xIs" that can be
opened as a regular spreadsheet file in Microsoft
Excel 7.0. When the file is opened, the user sees
a form, that introduces the spreadsheet tool. The
remaining parts of the tool are as follows:

* The Main Menu worksheet, which provides
command buttons by which the user can
access a form to change input variables, to
print or examine the model results, or to save
or exit the tool. This worksheet also includes
a "scenario manager,” by which the user can
choose one of the nine built-in neighbourhood
scenarios discussed in Chapter 5, or a
scenario created and stored by the user.

» A Variable Input form (shown in Exhibit
26), where the user inputs the neighbourhood
variables, including neighbourhood attributes
and locational and socioeconomic: data.

¢ A Model Results worksheet, which
summarizes the scenario details, the model
parameters and the model results, together
with annual GHG emissions by auto and by
transit for an average household in the
neighbourhood.

The average annual GHG emissions per
household are also presented in graphical
form as a small chart.

Further instructions for using the tool are
included as Appendix A.
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Exhibit 26
Neighbourhood Variable Input Form

Neighbouthood Yariable Input Form

»| TRANSIT VEHICLE SERVICE HOURS
(1-km radius of centre of neighbourhoody.

Housing mix (0-one typology, 1-fudl mixy [0 »
Help cafculate transt service hours l ’ o

Average housing size (roomsiurdt}

CMHC-SCHL Date:
Tool For Evaluating User: | n
N;&‘g::g:g:;: ;;d Scenario Description: l T

TRANSPORTATION SYSTEM: Expected household size! l 0 2
RoadLayout Type: | 0 v|  Expected % population < 16 yrs okt Mo o »
Totel road length (k). o 9 o Expected avy. household emp. income:  § [ o N
Total number of intersections: Y LOCATIONAL CHARACTERISTICS
Totallength of wide arterifil roads (km) l 0 2?7 Dpistanceto Cntra! Busess District: rﬁﬁw ki
Total length of bike routes: 0

Grecreational paths and stréets with bike lanes)' 0 kM. number of jobs within a 5-km radius of ra_——_"— jobs?
NEIGHBOURHOOD DEVELOPHENT INFORMATION: certre of neighbourhood:
Totsl gross land area 0 ha Distance to nearest rapid transt statiore I 0 km
Total number of housing unis: s W' Urban area is served by commuter rail.

_HOUSHNG TYPOLOGIES Distarice to nearest commuter rail station: o ke

e

Help calculate no. of rooins and housing mix I

LOGAL AREA (1-km radius) DEVELOPMENT AND SERVICES:

RETAIN CHANGES TO CURRENT SCENARIO
' RETAIN AS NEW SCENARIO

-Gross Area housing density - 1-km radius (units/ha)

Press if area housing densaty differs

trom that of neighbourhood O DISCARD CHANGES TO SCENARIO

Nignher of jobs (1-km radius). 0 kd SAVE SCENARIOS AND TOOL

No. of groceryffood stores (1-km radius). 0 ? CLOSE FORM
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Exhibit A.3:

Neighbourhood Variable Input Form

Nelghbourhood Yanable lnpul Form

CMHC-SCHIL,
Toul For Evaluating S
“f:g:;ﬁ::::;:;d Scehotlo Dasc‘rtpﬂ_bh:
NEI GHBOURHOOD AT IRIBUILS
TRANSPORTATION 8Y8 o : e t e
Road Layot Type: ¥ Expcted % populstion <18 yrs ol 1
Totat road length (kmj: 0 22 Expected avg. househald emp. income: '§
Total number of irtersections: 0 ; ” PR
Total lerigth of wide arterial roads (lon), 3 s P v PR
Tolel iength of bike routes: | SR afice to Ceffral Business Dist :
(recreational paths and streets with bike lanes)] O ' ‘Number of jobs wihint 4 5-kin radius or
HEIGHBOURHOOD DEVELOPMENT INFORMATION: . ceniré of nelghbowhood: ‘ )
Tclal gross land area 0 . Distance to nearest rap:d transd s!alion ] 0 Kra
Totat riamber of housing nks: "oV Urien ared s served by commer rad. ‘
__HOUSING TYPOLOGES : . Distance to pearest oomm!er yai station: l km
Aversige housing size (oomsAnty 1o ? _ zfm?x:%gﬁgﬂgfﬁm 1OURS .
Housing mix (0-one typology, 1-1ull mix): 0 k4
_Help calculale transk service hours ’ ’ o ?

Help calculate no. of rooms and housing inik.

LOCAL AREA (t4en radius) DEVELOPHENT AND SERVICES: [l BETAIN CHANGES TO CURRENT SCENARIO
~Gross Area housing density - 1-kin radius (unitsmhe) RET Nﬂ AS NEW SCENARIG -
Press it area housing densty differs : R
- tromthat ofmwﬁ . r’-’———— s . ‘DISCARD CHANGES TO SCENARIO.
Number of jobs (-km radiusy oy §A\‘E SCENAR!OS AND TOOL
No. of groceryfdod stores (1dmradiusy [ 2 M = QLOSE FORM
Neighbourhood Attributes 4- Mix of rectangular and curvilinear,
used to describe neighbourhoods where
* Road layout type- To see all layout types, there is a predominance of curvilinear
left-click the mouse button over the arrow at streets intermixed with a grid network;
the right of the drop box. The seven possible
road layout types are as follows: 5- Regular curvilinear, used to
describe neighbourhoods consisting
1- Strict rectangular grid, which primarily of curved streets with at least
describes neighbourhoods containing some continuity between the streets;
exclusively urban grid networks,
typical of pre-1950’s development; 6- Random curvilinear, used to
describe neighbourhoods with road
2- Industrial grid, describing areas layout patterns typical of post 1970’s
with fairly widely spaced roads passing development consisting of a high
through primarily industrial areas; proportion of streets ending with
cul-de-sacs and butting onto large
3- Primarily rectangular grid, arterial roadways;
consisting of grid networks with
some diagonal breaks; 7- Rural grid, used to describe

zones in the outer areas that are largely
undeveloped and consist of widely
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spread regional arterials, township roads
and rural highways.

Road length- This includes all roads except
for expressways. This should include all roads
in the neighbourhood and half of the length of
roads lying on the neighbourhood periphery.

Number of intersections- This is the number
of intersections connecting two or more roads
in the neighbourhood. This should include

all intersections in the neighbourhood and
approximately half of the intersections on

the neighbourhood periphery.

Total length of wide arterial roads- This
includes all roads, excluding expressways,
that have three or more lanes per direction.
This should include all wide arterial roads
in the neighbourhood and half of the
length of wide arterials lying on the
neighbourhood periphery.

Total length of bike routes- This includes
streets with bike lanes, as well as off-street
bike routes and park paths where bicycling
is allowed.

Total gross land area- This is the total land
area of the neighbourhood, including roads,
parks, residential, and other land uses.

Number of housing units- This is

the total number of housing units in the
neighbourhood. For townhouses, semi-
detached units, duplexes and apartments,
include all the housing units in the building.

Housing Typologies- This includes

two variables: the mix of housing typologies
in the neighbourhood, and the average size
of the housing units in terms of the number
of rooms. This includes all rooms, not just
bedrooms. Refer to Chapter 3 of the report
for a description of how this variable is
calculated. The tool will calculate the housing
types mix and the average number of rooms
through the use of the housing typologies
form, accessible via the command button,

“Help calculate no. of rooms and housing
mix”. On this form, the user indicates the
percentage (0-100) of total housing units
that are of one of five housing types, as

well as the average number of rooms for that
dwelling type. Clicking the “Cancel” button
on this form closes the form and retains the
current values of housing mix and average
housing size. Clicking the “Done” button
closes the form and automatically updates the
values of these two variables. After doing so,
the values for the mix of housing typologies
and the average size of housing units is
automatically entered for you.

Gross Area housing density- The model
uses the density of housing within a 1-km
radius of the neighbourhood centroid as a
variable in the model. The density in the
local area may differ from the neighbourhood
density. For simplicity, by default the tool
uses the same housing density as in the
neighbourhood for the area. This value is
calculated and displayed in the housing
density box. To override this default value
and enter a different value for housing density
within a 1-km radius (if it is different from
that of the neighbourhood), the toggle button,
“Press if area housing density differs from
that of neighbourhood” should be pressed.
This allows the user to access the housing
density variable and change its value
manually to the local area (1-km radius)
density. Pressing the button again returns

the value to the default value based on

the neighbourhood housing density.

Number of jobs (1-km radius)- This is
the total number of jobs from all types of
employment within a 1-km radius of the
centre of the neighbourhood.

Number of grocery/food stores (1-km
radius)- This is the number of grocery

stores within a 1-km radius of the centre of
the neighbourhood, regardless of the store
sizes. The model includes all stores that were
listed in the Yellow Pages under Grocers-
Retail. Because this variable acts as an index
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of total shopping opportunities, the variable
works best if grocery-shopping opportunities
are distributed the same as other retail
opportunities. If the retail make-up of the
area has a high proportion of grocery stores,
the user may wish to reduce the value of the
variable accordingly. Conversely, if there
are very few grocery stores in spite of a
large amount of retail, the user may wish

to increase the value of the variable slightly.

Socio-Demographic Data

Expected household size- This is the
average number of people expected to live
in each housing unit in the neighbourhood.

Expected % population < 16 years old-
This number, entered as a percentage (0-100),
indicates how much of the total population is
under sixteen years old.

Expected avg. household employment
income- The model was developed based
on average household employment income,
which may be up to 20% less than a
household’s total income. The model also
uses the average employment income of
individual workers as an explanatory variable.
To simplify the tool, the user only enters
average household income. A reasonable
estimate of individual employment income
is then calculated by the tool by dividing
the household employment income by 1.5,
which is the average number of workers per
household in the Toronto CMA.

Locational Characteristics

Distance to CBD- This is the distance in km
to the Central Business District. In developing
the model, which is based on Toronto data,
the corner of King Street and Bay Street in
Toronto was used as the centre of the CBD.

Number of jobs within a 5-km radius of
the centre of the neighbourheod- This is the
total number of jobs within a 5-km radius of
the centre of the neighbourhood.

* Distance to nearest rapid transit station-
This is the distance to the nearest rapid
transit station (e.g. subways and Light Rapid
Transit), excluding commuter rail stations
(e.g. GO Transit in the Greater Toronto Area).

* Distance to nearest commuter rail station-
This is the distance in km to the nearest
commuter rail station (e.g. GO Transit in
Toronto, BC Transit Commuter Rail in
Vancouver, and AMT Commuter Rail in
Montreal). If the neighbourhood is located
in an urban area that has no commuter
rail service, the check box indicating this
should be blank. Only when the check
box is checked is the text box accessible
for modification; otherwise, the value
displayed in it is zero.

* Transit vehicle service hours- This is the
sum of the total time on a typical weekday
that buses spend passing through an area
defined by a circle of 1-km radius centred
on the neighbourhood centroid. The measure
is a function of the frequency of bus service
and of the extent of bus route coverage in
the area. This may be a difficult measure to
calculate; therefore, an optional form can be
activated by pressing the command button
“Help calculate transit service hours,” which
calculates the variable automatically. The
information entered in this form is not saved
with the scenario, but will remain in the form
for use in another scenario if the values are
not reset to zero. (Alternatively, typical values
of bus vehicle service hours in the user help
note can be used to estimate this variable.
This can be accessed by passing the cursor
over the red question mark.)

The spreadsheet tool will not prevent users from
entering nonsensical data as input variables, such
as negative percentage values or total housing
unit percentages of more than 100%. In some
such cases there may be an error in the model
calculations that will prevent the model from
providing a numerical result. The onus is on

the user to input realistic data.
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In addition, there are five command buttons with
the following actions:

* Retain changes to current scenario-
This retains the modifications to the current
scenario, such that after working on another
scenario and the same scenario was selected
again in the future, it would contain these
modifications. Otherwise, the changes would
remain only until another scenario is selected.

* Retain as new scenario- This retains the
modified scenario as a new scenario, which
then becomes the current scenario. The
previous scenario, on which this new scenario
is based, is retained in its last saved form,
without the new modifications.

» Discard changes to scenario- This changes
the scenario variables back to the values it
had at the last time the scenario changes
were retained.

* Save scenarios and tool- The above two
commands change, create or delete scenarios.
These changes will remain active during a
session of using the tool, that is, while the
tool is not closed. However, the tool must
be saved to keep these changes when the tool
is later reopened. The “Save scenarios and
tool” command saves these changes. Pressing
this command is the same as saving the
spreadsheet tool with its current file name.

¢ Close form- This closes the form without
carrying out any of the above actions.
Although changes to the current scenario
will be included in the model results, these
changes will not be saved with the scenario
if it is re-selected later.

A.4 Model Results Worksheet

The results worksheet is shown as Exhibit A 4.
This is the sheet that shows the annual household
greenhouse gas emissions. This worksheet is
accessed via the command button on the Main

Menu worksheet, “View Model Results.” The
sheet has five parts:

Worksheet header- This includes two
command buttons allowing the user to return
to the Main Menu worksheet or to print the
results for the current scenarto. This header
remains visible even when the user uses the
vertical scroll bar to see the remainder of
the worksheet.

Scenario description- This includes the
descriptive information included with the
scenario to keep track of the scenario results.

Summary of neighbourhood variables-
This shows the values of the explanatory
variables defining the scenario, as input
by the user.

Model parameters- This summarizes
the model parameters and the values of
the variables as used by the model.

Neighbourhood performance- This
summarizes the performance of the
neighbourhood in terms of weekday travel
per household and annual greenhouse gas
emissions per household, expressed as

CO; equivalents. A small chart shows the
greenhouse gas emissions by auto and transit
modes, and changes colour from green to
black to red with increasing emissions levels.
Pressing the command button below this
section displays a table of the results from the
nine demonstration scenarios, thus providing
a quick reference for comparison with the
current scenario’s results.
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Greenhouse gas emissions from urban travel: Tool for evaluating neighbourhood sustainability

Exhibit A.4:

Model Results Worksheet

UMHC  SCHL

Tool for Evaluating Neighbourhood Sustainability

In partnership with Summary of Model Input and Results
Natural Resources Canada

Date: nfa

User/Ruthor: <demonstration»

Scenario Description: 1A - Inner Area, Suburban-Type Development

SUMMARY OF NEIGHBOURHOOD DESCRIPTIVE VARIABLES

Neighbourhood Attributes

Road layout type: Random Cumvllinear  Number of housing units: 165

Total tength of non-expressway reads (kmy): 4 Average housing uni! size: 9

Total number of intersections: 120  Housing Mix: . 0.00

Total length of wide arterial roads (km); 0.8  Area housing densily (1-km radius) {unitssha): 3.67

Total length of bike routes (km): 0.0 Number of Jobs (1-km radius). 0

Daily bus V8H (i-km r.): 350  Number of groceryffood stores (1-km radius). g
Land area (ha): 450

Lacational Characteristics

Distance to CBD (km): 5.0

Socio-Demographic Data No. of jobs (5-km radius): 400,000

Expetted avg. personsthh; 2.79 Distance o nearest rapid transit station (km): 1.0

Expected % poputation < 16 yrs old (%): 21.0  Urban area is seved by commuter raif; TRUE

Expected avg. household income; $51,430 Distance to nearest commuter rall station (kmj) 5.0

MODEL PARAMETERS

Value  Coefficient

= Constant 345
§ Distance to CBD (km): 5.0 0.680
£  vVehicles/Household (estimated via regression model): 1.52 151
é LnJobs, 5-km radius): 129 -3.60
3‘ Land-use mix (entropy): 0.00 -8.73
2 Ln(personsihousehold): 1.03 175
8 Minimum distance to rapid transiticommuter raii station (km}: 1.0 0.534
2 personal Income {$1000s) 34.3 0.228
S Roadtype is rural grid: 0 5507
E Ratio of arterial roads 1o total non-expressway roads: 20% 12.968
é intersectionsiroad-km: 30 -1.14
Underreporting correction factor. 1.47
Average VKT generatedhousehold: 58.5
Value  Coefficient
|-=- Constant: -7.03
o  Distance to CBD (km): 50 0.182
-§ {Distance to CBD (k)% 25.0 -0.00294
&  Predicted vehicless househoid: 1.52 -2.84
= TransitVSH (1-km radius): 35.0 0.0769
&  Ln(housing units, 1-km radius): 7.08 0.870
T  Average personsthousehold: 279 547
& LnWJobs, 1-km radius): 0.00  -0.498
2 No.of stores (1 km radius): 0 -0.165
S Bikeroutein nelghbourhood {binany): 1] 0.642
E Rapid transit station within 1 km (binary) * Distance to CBD (km): 5.0 0.243
&  Commuter rail station within 2 km (binary) * Distance to CBD (km): 0.0 0.0233
= Under-reporting correction taclor. 1.30
Average PKT generated/household: 183
NEIGHBOURHOOD PERFORMANCE
Weekday household travel hehaviour: Annual GHG Emissions from Travel Per
Auto VKT 58.5 vKTih Heighbourhood H hold (kg, CO;eq }
Transit PKT 18.3 PKTthh 0 4,000 8,000 12000 16000
Annuat househeld vehicle emissions:
Auto 6,700 kg CO,enuivalent Auto
Transit 260 kg COzequivalent
TOTAL 7,000 kyCO,equivalent  TTONSH
Number of households: 1865
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