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also proved that within the planned residential areas of
Edmonton, neighbourhoods that were disigned as units of larger
communities in a hierarchical structure have significantly
lower mean pedestrian accident rates than those that wvere
designed as though they vwere independent or self-contained.
Generally speaking, planners have done much to improve
pedestrian safety by incorporating the following environmental

solutions into their residential designs:
(1) organizing residential streets into functional

hierarchies, together with the maximum practicable use of loop
streets, culs-de-sac, and T-intersections;

(2) minimizing street density, intersection density and
the number of neighbourhood entry points from arterial

boundary streets;
(3) reversing peripheral houses so that they do not front

on arterial streets;
(4) arranging local service facilities in accordance with

their respective service areas so as to minimize the number of
streets (especially arterial streets) that pedestrian users

have to cross to reach thenm.
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CEAPTER 1
INTRODUCTION

1.1 Statement of the Research Prodlem and the Purpose of
the Thesis

"Ever since an alternative method of land transport
to shank’s pony was first invented the not-so-
fortunate travellers on foot have been at risk.
... Trouble on a much more serious scale came with
the arrival on the scene of the motor vehicle. 1t
quickly established its supremacy in door-to-door
transport for people and goods and then began its
penetration of pedestrian crowded urban streets.
The results in almost every city in the world have
been a mixture of benefits and disaster. Benefits
in the sense that more is done, more is made,and
life goes faster; disaster because so many people
are killed and injured, noise and pollution and
other side effects are rife and because the influ-
ence of the motor vehicles calls into question the
very principles of city design and the organization
of transport®™ (Buchanan, in Hass-Klau, 1990:xiii).

Within our existing urban forms, residential areas are
the most extensive pedestrian activity spaces. Yet, they must
accommodate a great deal of vehicular traffic as well. As a
result, accidents between pedestrians and motor vehicles ocour
frequently in residential areas, a point revealed by many
researchers (for example: Blackman, 1966; OECD, 1979; Bath and
Pharoah, 1988; Tolley, 1989). As Homburger, Deakin, Bossel-
mann, Smith, and Beukers (1989) remarked, residents place a

high value on the quality of life in their neighl

quality of life, in large part because of the risk of acci-
dents to people walking to and from their homes. A pedestrian
accident occurs vhen there is unexpected physical contact



betwveen a pedestrian and a moving vehicle of any kind. Since
accidents may cause mental trauma, beodily injury, or even
death to the pedestrian involved, they are matters of great
importance to residents. The safety of children and the
elderly is a source of particular concern.

Ther: are three general approaches to the improvement of
pedestrian safety: education; regulation; and environmental
solutions. Education aims at raising the consciousness of both
drivers and pedestrians so that they will observe traffic
rules and show courtesy to one another, and thus avoid
accidents or at least reduce their frequency. Regulation is
embodied in enforceable laws, which are usually implemented
through the installation of lights and signs to regulate

of contact. Environmental solutions, on the other hand, aim to
minimize the accident potential that is inherent in the
physical form of the urban environment. This they do through
the deliberate manipulation or design of the critical environ-

mental features, such as land use and street networks. It will

refers to the "built environment®”, as that term is commonly
used by planners and urban designers (Hodge, 1991:139).
All three approaches are necessary for the promotion of

pedestrian safety, but environmental solutions are
tal. In the first place, appropriate learned behaviours must
be supported by visible regulatory devices. But while these



devices enhance the awareness of cautious drivers and pedes-
trians, they do not physically prevent casual ones from
violating traffic laws. It is here that physical planning and
to arrange homes and local service facilities (such as
schools, playgrounds and neighbourhood shopping centres ) in
such a way that pedestrians do not have to cross heavily
trafficked streets to reach their most frequented destina-
tions. Another highly favoured environmental solution is to
separate pedestrians from automokiles by designing specially
insulated arterial streets or by providing pedestrian foot-
paths linking homes to various neighbourhood service facil-
ities. As Blumenthal (quoted in Blackman, 1966:2) put it, "The
naive approach that places the blame for accidents on human
shortcomings alone will be less effective than the approach
that recognizes the human-environment interaction and the need
for an environment that does not make unreasonable demands on
human capabilities, and that is ‘forgiving’ of inevitable
human errors.” It must also be recognized that physical
development is a long-term business. Whatever is built will
generally last for many decades. From a traffic safety
perspective, it is difficult to compensate for badly designed
environments by regulatory measures alone.

The planning and design of residential environment for
pedestrian safety has long been consciously conceived in
theory and deliberately tested in practice. This can be traced



back at least to the 1920s, when Clarence Perry first formu-
lated his influential "neighbourhood unit" concept and Henry
Wwright and Clarence Stein applied it in an innovative way to
the development of North American new towns. Since then, a
variety of planning principles has been formulated to guide
the development of safe residential environments. But how
successful have these planning efforts been from the
standpoint of pedestrian safety? This question cannot be
answered from the existing research literature. There have
been many studies of the pedestrian safety effects of traffic
planning, but they concentrate on such things as the installa-
tion of traffic control devices or the implementation of route
changes. There have, for instance, been studies of the safety
effects of various forms of traffic control at pedestrian
crosswalks (Robertson, 1984; Chadda and Schonfeld, 1986;
Yagar, 1986; Smith and Knoblauch, 1987), as vell as studies of
the design or redesign of residential streets for pedestrian
safety (Poulton, 1982; Jenks, 1986; Amamoo, 1989; Homburger,
Deakin, Bosselmann, Smith and Beukers, 1989; Howe and Alexiou,
1989; Mackey, 1990). By contrast, no studies have been found
that systematically and compreshensively investigate the
practical effects of the various residential planning prin-
ciples and their spatial products, the different forms of
residential environments. One explanation, as Homburger,
Deakin, Bosselmann, Smith and Beukers (1989) have pointed out,
is inadeguate data. Pedestrian accident records should be the
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most convincing indicators of problem areas, yet they rarely
include the Xkinds of environmental information, such as
neighbourhood type, street type and intersection form, that
are needed if pedestrian accident patterns are to be related
to variations in the physical form of residential environment.

Traditionally, physical planning principles have focused
on guiding environmental design, which refers to the artifi-
cial arrangement of the various land use components and
transportation facilities into a preferred spatial pattern
(Chapin and Kaiser, 1985). Planning principles are derived
from the specification of planning ends. They are expressly
concerned with what ought to be and, therefore, are normative
in nature. As Bolan (1983:4) observed, normative theories do
not make explicit predictions about the future, they offer
prescriptions about how people ought to act and what should be
done. Because of this characteristic, the validity of planning
principles can ba tested and justified only in real, specitic
contexts.

With this in mind, the thesis research was designed as a
comprehensive evaluation of those residential planning
principles that bear most directly on the issue of pedestrian
safety and have had strong influences on the forsulation of
environmental solutions, using Edmonton as a practical
laboratory. Edmonton is an appropriate choice because of its

because reliable data on pedestrian accidents are available.



These data do not clearly distinguish the type of built
environment in which each accident was reported, but that
critical information could be recovered from other sources.
This is a big advantage of the case study. The basic objective
of the thesis research is to discover which of Edmonton’s
various forms of residential environment is safest for pedes-
trians; and, as a corollary to that, to determine whether some
residential areas are safer than others because of the
particular environmental solutions that were incorporated into
their designs. By evaluating pust practice in this way, we can
better understand the nature of both success and failure, so

that we can build on the successes of the past and avoid

repeating old mistakes.

1.2 Organisation of the Thesis

This thesis consists of 9 chapters:
Shapter 1: Introduction

This chapter states the research problem and the purpose

of the study.

Chapter 2: Conceptualization of the Thesis Research:
A_Theoretical Background

Chapter 2 provides a theoretical background for the
conceptualization of the thesis research. It has three general
purposes: (1) to review the concept of residential areas as
pedestrian activity spaces; (2) to generalize about the
characteristics of pedestrian accidents from the research done

by others and their planning implications; and (3) to describe
6
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factor for the five types of neighbourhoods in Edmonton, the
associations between the incidence of pedestrian accidents and
street patterns are examined in this chapter. The safety
effects of footpath networks are also assessed, since they are
intended to divert pedestrian trips from streets, thus
reducing chances of pedestrian-vehicle conflicts. Concretely,
this chapter attempts to discover: (1) if there are positive
correlations between pedestrian accident rates and street
density, intersection density and the number of
entrances/exits at the neighbourhood scale; (2) if certain
forms of streets and intersections are more hazardous than
others; and (3) if there are negative correlations between
pedestrian accident rates and footpath density. The role of
this chapter is to explain, at least in part, the differences
in mean pedestrian accident rates among the five types of

neighbourhoods, as revealed in Chapter 6.

Chapter 8: Pedestrian Accidents and Local Environmental
Configuration

While certain forms of streets and intersections are
assumed to be more hazardous than others, not all streets and
intersections of the same form should be expected to court
equally significant numbers of accidents. In other words,
although neighbourhoods of the same type have the same
generalized street patterns, it does not follow that they will
all be equally safe or unsafe. Pedestrian accidents are
attributable not only to street patterns but also to the
intensity of vehicular traffic and pedestrian flows, vhich in
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turn are influenced by the spatial arrangement of vehicular
and pedestrian trip generators, a feature of land use organiz-
ation. Since neighbourhoods in sach of the five categories in
Edmonton vary in their detailed forms, the effects of differ-
ences in their local configuration must be investigated as
well. The purpose of this c>»pter therefore is two-fold:
first, to discover ‘f there are significant differences in
pedestrian accident rates among the individual neighbourhoods
of each type; and second, and more importantly, to determine
are associated with a relatively high incidence of pedestrian
accidents in each neighbourhood type, and whether these same
features also provide explanations for some of the between-

type variations in pedestrian accident rates.

Chapter 9: Conclusions and Recommandations

This chapter draws conclusions from the research findings

and provides recommendations for future residential planning

and design.
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COMCEBPTUALISATION OF TER TEESIS RESERARCHE:
A THEORETICAL BACKGROUMD

The primary purpose of this chapter is to construct the
conceptual framework that will be used to evaluate the
relative effectiveness of the environmental solutions that
planners have employed to combat the hazards of pedestrian
travel in residential areas. Specifically, the chapter serves
three ends. First, it presents a brief review of the concept
of residential areas as pedestrian activity spaces. This has
important implications for residential planning and design
because the spatial patterns of pedestrian activity, and hence
the potential for pedestrian accidents, should be influenced
by the way that transportation facilities and local service
facilities (major pedestrian trip destinations) are organised
in relation to dwellings of different types (primary pedes-
trian trip origins). The second end is to generalize about
pedestrian accident characteristics and their planning
implications, in so far as these have been investigated in
previous research. The main concern here is to determine vhat
other scholars have concluded about the role of the built
environment and environmental design in pedestrian accidents,
and to identify the research gaps that remain to be filled.
Third, and most important, the chapter describes the various
environmental solutions that have been favoured by planners,
concentrating on those that are most relevant to the problea
of pedestrian safety in the residential areas of MNorth
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American cities. The general intent is to identify the design
concepts and planning principles that have been devised at
different times with the aim of creating different forms of
residential environment, each form representing a distinctive
type of pedestrian activity space with its own characteristic

set of environmental solutions.

2.1 Residential Areas as Pedestrian Activity Spaces

Walking is a major mode of urban transportation. As
Hillman and Whalley (1979:1) stated, "It is a well known fact,
though usually unguantified, that nearly all personal travel
involves walking, either as the sole means of travel on a
journey or as one or more of its stages." Since personal
of residence, it follows that the residential areas of cities
are likely to be important pedestrian activity spaces in their
own right, whether for whole trips or just for some stages.

The need for pedestrian travel in residential areas, or
“living areas” as Hodge (1991) calls them, arises in large
part from their basic structure. "The main function of a
residential area," wrote Tolley (1989:5), "is to house people
and to provide the everyday necessities of life. As well as
homes, we would expect to see schools, clinics, shops and
social and religious institutions, with perhaps some offices,
businesses and small factories in addition”". To realize the
"gveryday necessities of 1life", people make trips, most of



vhich emanate from or converge on their homes. The physical
distances of these trips are determined by the locations of
relevant facilities and services, which affects the choice of
transport mode as well. Usually, long trips are made in
vehicles of one kind or another, while short trips may be made
on foot because walking is cheaper and often more convenient
than using a vehicle; in some circumstances, it may be the
only feasible mode. Pedestrian access to services in residen-
tial areas is therefore most important at the local or neigh-

facilities needed in the vicinity of their dwellings® (O’Mara,
1978:115) . Pollowing from this definition, which will be
adhered to throughout the thesis, the neighbourhood will also
constitute the basic residential unit for purposes of the

Within residential areas in general, homes are the
primary origins of pedestrian trips and the various neighbour-
hood service facilities are normally the destinations (Figure
2.1). In some cases, however, destinations can become second-~
ary origins. That is, pedestrians may valk from one neighbour-
hood facility directly to another. For example, students may
walk o neighbourhood shops from their schools during lunch
breaks, or to a neighbourhood park on their wvay home. In other
cases, service facilities are not the destinations at all.
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Figure 2.1 Theoretical patterns of pedestrian movement in

residential areas
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for example, and increasingly they walk in the vicinity of
their own homes for leisure and health purposes (Wickert,
1993). As a result, pedestrian movement patterns in residen-
tial areas are quite complex.

All people walk at some time in their home areas, but
children and elderly peaople ars believed to walk more than
other age groups (Mackey, 1990). This is evidenced by Hillman
and Whalley’s research in the United Kingdom. Figure 2.2 (see
the heavy solid line) shows that most journeys made by
children (18 and under) and the elderly (65 and over) are
pedestrian trips, while adults (19-64) make more journeys by
automobile than on foot. Hillman and Whalley’s data do not
indicate what proportions of pedestrian trips take place in
residential areas but it is reasonable to presume that they
are high, especially among children and the elderly.

Children commonly valk to schools in or near their home
neighbourhoods on weekdays. 8chool journeys are necessary
trips, which are independent of weather and the spatial
arrangement of pedestrian connections between houses and
schools. Returning home at lunchtime is also common among
those who walk to school and live close to it. Many children
thus make at least four walking trips a day. Then, after
school or on weekends, they may walk to nearby parks or
or to local shopping malls for recreational

playgroun

activities.
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(This page is removed from the thesis because of
copyright restrictions.)

Figure 2.2 Proportions of all journeys made by different
aged people with different transport modes in
the United Kingdom

Source: Hillman and Whalley, 1979:34
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Elderly people walk in their neighbourhoods for various
reasons. They may walk to shops (perhaps with a shopping cart)
because their physical ability to drive declines. They may
take casual strolls for health or pleasure purposes, and they
frequently walk to community centres, to churches, and to
neighbours for recreational, religious, and social purposes.
Since the elderly are mostly retired, they have more time to
spend on walking than employed people. Younger adults, on the
other hand, are mostly involved in employment outside the
residential areas where they live. Their work trips are
usually made in their own vehicles, so they do not walk in
their neighbourhoods as much as children and the elderly do
(Wickert, 1993). Those who do not drive will have to walk to
and from a nearby transit stop as part of their journey to
work, but this group of people is not normally as large as
those who drive to work, especially in North American cities.

These observations also serve to underscore the obvious
fact that residential areas must accommodate vehicular traffic
as well as pedestrians. First of all, most families in North
American cities own private vehicles. According to the
Edmonton Journal (November 12, 1990), the rate in Edmonton in
1989 was 1.42 vehicles per household. People drive at least
some distance within their neighbourhoods when they go out and
come home. Second, individual households have frequent needs
for the delivery of goods and services and for vaste collec-
tion. This includes emergency services, such as fire trucks,
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ambulances and police vehicles. Third, regular public transit
commonly needs to penetrate residential districts to collect
and deliver passengers near their homes. Residential streets
aust therefore perform a number of transport functions,
accommodating both vehicular traffic of various kinds and
pedestrian movement. This means that vwhile residential areas
are planned as important pedestrian activity spaces, there is
alvays some potential for conflict between pedestrians and
vehicles on residential streets, conflict that gives rise to

pedestrian accidents.

2.2 Characteristics of Pedestrian Accidents

Although it is widely acknowledged that pedestrian
accidents are a reasonably common occurrence in residential
areas, there is little systematic information about their
incidence or causes, because accident data are not often
reported in an appropriate form. As Homburger, Deakin,
Bosselmann, Smith and Beukers (1989:18) observed, "It is
difficult to analyze accidents in residential areas scientigi-
cally. Most underlying data do not clearly distinguish the
type of area in which accidents were reported®. Tolley
(1989:7) made essentially the same point in reference to fatal
accidents: "Though it is known that some 80 per cent of
pedestrian fatalities in Britain occur on built-up roads (i.e.
roads on which buildings front directly), statistics are not
available separately for residential areas". This does not



mean that nothing is known about accidents in residential
areas, but the available information tends to be local and
tial streets do not necessarily present their findings in a
consistent fashion or even use consistent terminology. They
may not include all the accidents that should properly be
attributed to residential areas either. One particularly
important issue is that accidents on arterial or through
streets are commonly disregarded, despite the fact that these
streets often traverse residential districts from which they
draw much, if not most, of their pedestrian traffic.

The purpose of this section is to review briefly what is
known about those characteristics of pedestrian accidents that
are most pertinent to the thesis research. These characteris-
tics are of three kinds: the temporal and seasonal variability
of accidents; the age-groups that are most at risk; and the
features of the built environment with which pedestrian
accidents have been associated in other studies. The effects

of modifying these features will be considered as well, since
they represent particular environmental solutions that have
been adopted in practice. As far as possible, the reviev will
focus on characteristics that relate directly to residential

areas.

2.2.1 Temporal and Seasocnal Distridutios of Pedestrias
Accidents

rigure 2.3 shows the temporal and seasonal distribution
19
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Figure 2.3 Daily journey rates and pedestrian casualties
according to day of week, time of day, and
month of year in the United Kingdom

Source: Hillman and Whalley, 1979:28



of pedestrian accidents in the United Kingdom in relation to
variations in the volume of vehicular and pedestrian traffic.
Hillman and Whalley (1979) made the following observation when
interpreting this graph: recorded pedestrian accidents rise
and fall in general consonance with the rise and fall of
motorized journeys and journays on foot, the incidence of
accidents reflecting the incidence of conflict situations.
This is especially evident in the afternoon hours (15:00-
19:00) when the peak of vehicular traffic lasts for 3-4 hours
and pedestrian journeys are at their highest level of the day.
Hillman and Whalley also drew attention to the marked increase
in pedestrian accidents in the late evening hours and on
Fridays and Saturdays, in spite of a reduction in the numbers
of pedestrian trips then. This, they suggested, may be partly
due to the effects of drinking on both drivers and pedes-
trians. The rise in the winter they see as being related to
the greater likelihood of ice on the roads and of vehicles
skidding, though the pronounced peak in December again
suggests a connection with excessive drinking, this time over
the Christmas season.

Beyond hinting at behavioural and other factors, such as
veather and road conditions, that are likely to contribute to
pedestrian accidents, Figure 2.3 is chiefly valuable because

lar and pedestrian. Traffic volumes are not the only explana-
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tion, as wvitness the sharp contrast in accident frequency
between the morning and afterncon peaks, but there is still a
strong tendency for accidents to occur at times when both

kinds of traffic are at high levels and the potential for
conflict between them is correspondingly great. It is in this

simple fact that environmental solutions find their essential
justification. Although they cannot be expected to eliminate

conflict entirely, let alone prevent careless or irresponsible

Several studies have shown that children and elderly
people are particularly vulnerable to pedestrian accidents. In
a study of over 2,000 pedestrian accidents in 13 American
cities, for example, it was found that more than half involved
youngsters under 15 years of age (Snyder and Knoblauch, 1971).
age of 14 accounted for 42 per cent of pedestrian casualties
although they comprise only 24 per cent of the population
(Hillman and Whalley, 1979). As for the elderly, the American
Automobile Association (1965a) found that 40 per cent of all
pedestrian deaths in the United States involved people ¢S
years old and over. This implies that wvhen accident victims
are elderly, there is a high probability that their injuries
vill be fatal.



These statistics refer to all cases of pedestrian
some evidence to indicate that residential areas are by no
means safe for pedestrians at either end of the age scale.
Thus, Dutch studies found that the proportions of accidents
involving children and elderly people are indeed greater on
residential streets than on other streets, and that most
accidents affecting children occurred in the vicinity of their
homes. Similarly, in Germany, it was determined that 55 per
cent of the accidents to children pedestrians happened on
roads in residential areas, though it is not clear how
residential areas vere defined in this instance (Homburger,
Deakin, Bosselmann, Smith and Beukers, 1989).

The findings from this scattering of accident studies are
generally consistent with the pedestrian activity patterns
described in Section 2.1: that is, because children and the
elderly tend to walk more than people of other age groups,
they are most likely to be at risk. There are other factors
that make them aspecially vulnerable, hovever. For example,

children’s sense of traffic rules is weak. They often cros

streets where they should not, and may use the street for
games. Sometimes, they leave sidewvalks suddenly and run on to
the adjacent street, for which the drivers of oncoming
vehicles are unprepared. By contrast, according to Harrell

and tend to take appropriate safety precautions vhen crossing



streets. Their wvulnerability is a natural consegquence of

their ability to detect oncoming vehicles is reduced. Their
manosuvring actions may be slow too, because of physical
infirmities or because they do not react as quickly as they
did wvhen they were younger.

In sum, the above characteristics suggest that particular
attention should be given to children and the elderly in the
study of pedestrian accidents. They also underline the
importance of residential planning to meet the special needs
of these two vulnerable age-groups, especially in terms of the
locations of schools, playgrounds, neighbourhood parks and
shopping facilities, and the design of the transport facil-

ities by which they obtain access to these local services.

2.2.3 Pedestrian Accidents in Relationm to the Built
Eaviroameat

Numerous studies have examined the incidence of pedes-
trian accidents in relation to selected features of the built
environment, though by far the greatest attention has been

A useful summary of the main findings and their planning
implications is provided by Homburger, Deakin, Bosselmann,
saith and Beukers (1989:18-19). This section is based on their
reviev, supplemented by references to other studies where
appropriate. The majority of the published research is from

Western Europe, and especially from Germany, the Netherlands
24



and the United Kingdom.

1. "Hazards are greatest on streets vhere there is much
parking, on streets with many intersections, on long, straight

streets, on busy streets, and in districts with few playground
facilities.” This is the broadest of the reported findings and
will be revisited in several subsequent points.

2. Undifferentiated street networks, in which all streets
are essentially identical, are less safe than hierarchically
organized networks, where streets are designed in accordance
with their intended functions and the flow of traffic is
deliberately <channelled. In North American cities,
undifferentiated networks most typically take a grid form
which is marked by long straight streets and frequent inter-
sections, features that are highly related to the incidence ot
pedestrian accidents. This finding confirms a long-held belief
of urban planners and gives rise to a predictable conclusion:
wStrict differentiation of streets according to their function
leads to safe residential areas.”

3. The highest concentrations of pedestrian accidents
occur on arterial streets carrying heavy loads of through
traffic (OECD, 1979; Kraay, Mathijssen and Wegman, 198S5; Beth
and Pharoah, 1988). However, vhere frontage access onto
arterial streets is prohibited, -nd the layout of aidjoining
residential areas is such that pe..strians have no need to use
arterials as their routes, accident rates are minimised.

4. Within neighbour is, the majority of accidents ooour




on collector-type roads; that is, roads that carry the main
flows of traffic in and out of individual neighbourhoods. The
hazard is even greater when such roads bisect a neighbourhood,
inviting through traffic in addition to their local traffic
loads. The latter situation is most typically associated vith
undifferentiated networks. Conversely, streets that are
deliberately designed to carry light loads of purely local
traffic are considerably safer than through streets, as the
proponents of hierarchical networks have long argued.

5. Many pedestrian accidents happen at intersections
(American Automobile Association, 1965b; Fruin, 1973;
Robertson, 1984; Untermann, 1984; Brown, 1986). Pedestrians
normally cross streets at intersections, and vehicles arrive
from different directions, making pedestrian manoceuvres
difficult. This is especially true around uncontrolled
intersections where pedestrians and vehicles simultaneously
compete for a particular space, which leads to a high accident
risk. Even at traffic-controlled intersections, vehicles
making turns on a green light, and those making right turns on
a red light, may be in conflict with pedestrians. What is not
pedestrian accidents and different types of intersections.

6. Point 35 to the contrary, Dutch studies found that
accidents involving children up to the age of 5 years often
ocour between intersections on local streets. The risk is
particularly great vhen the streets are heavily used for



parking because "parked cars block the view of the road for
children and the view of children for approaching drivers". It
is a situation which exacerbates the problem caused by young
children’s unpredictable behaviour.

7. When pedestrian routes and vehicle routes are fully
separated, meaning that they have few if any points of

8. "Road safety is greater in newly built residential
districts than ‘n older neighbourhoods®. This finding is not
explained but it presumably reflects the effects of planning
and conscious design. That is, the never districts were almost
certain to have been built in accordance with "a set of
clearly stated design ideas or principles® (Backley,1979:62),

safety.

In general, the above revealed characteristics have two
implications for the thesis problea. First, they demonstrate
that pedestrian accidents are associated with definite
features of the built environment, notably undifferentiated
street networks, streets with frequent intersections, arterial
streets with unrestricted pedestrian access, and streets
carrying heavy traffic into and through neighbourhoods. These
are also features that planners have long presumed to be
unsafe for pedestrians and have therefore aimed to improve.
Pollowing from this, as the second implication, it appears
from the available research that it is possible to increase
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pedestrian safety by consciously manipulating the built
environment through planning and design. MNeasures such as
differentiating streets in accordance with their intended
functions, restricting frontage pedestrian access onto
arterial streets, or fully separating pedestrian routes from
those of vehicles have particularly been identified. They are
all examples of environmental solutions that planners have
devised and been able to implement in residential development.

Despite the value of these findings, however, research
into the relative effectiveness of the various environmental
is not just that the published studies reviewed here vere
largely European; they also concentrated on limited aspects of
street form and pattern, vhereas the environmental solutions
employed by planners cover a broader range of features. In

addition to street design in all its aspects they include land

pedestrian facilities. Yet, no study was found that systemati-
cally investigates the safety effects of these other features,
especially as they have typically been combined to create
different forms of residential environment. In Section 2.1,
for example, it was described hov various neighbourhood
facilities are required to complement homes for satistying
residents’ needs in their daily lives. The location and
spatial organization of these facilities in relation to
dwellings and traffic routes have a direct influence on the



to reach them from their homes, and hence on the likelihood of
accidents occurring. As the Chicago Planning Commission (1943)
recognized 50 years ago, pedestrian accident hazards are not
necessarily the fault of those who design the individual
elements of the pedestrian environment; rather, they may
reflect weaknesses in the comprehensive plans through which
these elements are supposed to be coordinated. Among environ-
mental solutions, therefore, we must consider the overall form
of residential areas as well as the individual features of
their built environment. In the thesis, the former will be
referred to as "environmental configuration” and the latter as

"design elements”.

2.3 Environmental Solutions: Design Elements and Enviroameatal
contigurations

According to Cross (1965:79), residential areas in North
American cities are organized and subdivided (or configured)
on the basis of 4 design "criteria” or elements: land use pat-
tern, street pattern, block pattern and lot pattern. To this
1list must be added the form of pedestrian circulation network,
an element that has been a conscious consideration in planned
residential environments. Except for lot pattern, which will
be omitted for thesis purposes, all of these design elements
affect vehicular and pedestrian circulation and the potential
for conflict between them. They therefore have a direct
bearing on pedestrian safety. For example, the land use
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pattern determines the spatial arrangement of traffic gener-
ators; the street pattern influences traffic routes in
relation to dwellings and local facilities; the block pattern
affects the length of streets and the numbers of intersec-
tions; and the pedestrian facility network influences pedes-
trian flow patterns. In addition, each of the above elements
has a number of alternative forms which differ in their safety
implications. It is these critical design elements in their
alternative forms that planners manipulate concretely as
individual environmental solutions. However, design elements
do not exist in isolation; they are all necessary components
of any residential subdivision, and it is through the differ-
ent combinations of their alternative forms that the various
types of residential environment are constituted. Each type is
distinguished by a unique configuration, which refers, in this
context, to the relative disposition or arrangement of the
elements that constitute the residential built environment and
the external form that results froam this arrangement.

In light of this definition, this section has two
purposes. First, it describes the principal forms that each of
the critical design elements can take and then discusses their
safety implications as individual environmental solutions.
Second, it reviews the planning principles and design concepts
that have been followed to guide alternative combinations of
the several design elements, each combination resulting in a
typical general configuration incorporating a particular set



of environmental solutions that planners have favoured at some

time.

2.3.1 Environmental Design Blements
The 4 design elements that are critical to the configur-
ation of the pedestrian environment (i.e. land use pattern,
street pattern, block pattern and pedestrian circulation
network) are reviewed in this section. The elements are
defined and the safety implications of their alternative

forms, as they have been envisaged by planners, are described.

2.3.1.1. Land Use Pattern
In residential areas, the land use pattern refers to the
spatial arrangement of local service facilities in relation to
housing of various types. The American Public Health Associ-
ation (1949:42) listed five major types of facilities that
should be provided in residential areas. These are:
(1) educational facilities, including kindergartens,
elementary schools and high schools
(2) outdoor recreational facilities, such as parks,
playgrounds, and informal open spaces
(3) indoor social and cultural facilities, such as
churches, libraries and community meeting halls
(4) shopping facilities, including grocery and drug
stores, and personal and financial services (e.g.
banks, hairdressing salons, and dry cleaning outlets)

3



(5) health services, such as medical and dental clinics.

In existing residential areas, it can be observed that
local service facilities are often organized into different
patterns. Take shops and commercial service outlets for
example. In some cases, they are arranged in linear forms
along traffic thoroughfares (called commercial ribbons); in
others, they are grouped in designed clusters as shopping
centres and set back from their flanking streets. In general,
commercial ribbons are a feature of unplanned residential
areas. Their main characteristic for the purposes of the
thesis is that pedestrian shoppers frequently have to cross
from one side of the street to the other to patronize differ-
ent shops, thus exposing themselves to the hazards of fast-
moving through traffic. Shopping centres, on the other hand,
are deliberately designed to facilitate easy and safe pedes-

Functionally, service facilities in residential areas
retailing and educational facilities. For the former, there
are (from low to high) convenience stores, neighbourhood
shopping centres, and district and regional centres (Gallion
and Eisner, 1980). With regard to the latter, there are (from
low to high) elementary, junior high and senior high schools.
Normally, facilities at lower levels of a hierarchy have lowver
population thresholds (i.e. the minimum population needed to

support them) and serve smaller areas, thus there are more of



them; in contrast, those at higher levels require higher
thresholds and serve larger areas, so there are fewver of thea.
Service facilities of all kinds can vary in their spatial
organization as well. In some areas, they are located randomly
without any obvious order; in others, they are deliberately
organized in relation to their respective service areas. The
latter form of organization, which is a mark of conscious
planning, should provide better access to services for the

majority of intended users, especially pedestrian users.

compatible land uses in residential areas because they
complement homes to provide the "everyday necessities of life"
for local residents. Hovever, some residential areas have also
to accommodate incompatible land uses, such as industrial
complexes, transportation terminals, municipal sports facil-
ities and post-secondary education institutions, which have
little to do with satisfying "everyday necessities”. These
facilities often have city-wide service areas and are usually
automobile-oriented, hence generating considerable amounts of
external traffic for the residential areas in which they are
located. Even district or regional shopping centres can become

neighbouring residences, because their service areas extend
beyond their immediately surrounding neighbourhoods and they

drav external traffic to these neig 5. Due to the

extra traffic, residential areas affected by incompatible land



use can be expected to have a higher potential for pedestrian-
vehicle conflict than those areas where incompatible land uses
are deliberately avoided.

considered in more detail in Section 2.3.2, when various
concepts for the configuration of residential areas are

reviewved.

2.3.1.2. Strest Pattern
Street pattern is characterized by both geometric layout
and functional organization. In terms of layout, in most
general terms, there are grid streets and curvilinear streets;
with regard to organization, streets can form either
undifferentiated networks or functionally differentiated

hierarchies (see Table 2.1).

Table 2.1 Alternative street patterns

Undifferentiated Differentiated
curvilinear netwvork curvilinear network




In undifferentiated networks, all streets are designed
with equal carrying capacity. Although such networks are most
often associated with grid streets in old residential areas
(Figure 2.4), they can be formed from curvilinear streets as
well. An early example is provided by the suburb of Riverside
in Illinois, designed by Frederick Law Olmsted and Calvin Vaux
in 1869. At that time, curvilinear networks were favoured for
aesthetic and psychological reasons rather than functional
ones, to "imply leisure, contemplativeness and happy tran-
quillity" (Kostof, 1991:74). The aesthetic justification
continues to be important with planners; by and large, curving
streets are considered to be more attractive than straight
ones, especially in residential areas.

In functional hierarchies, streets differ according to
purpose and prescribed traffic volume. While functional
hierarchies can be formed with grid streets (Houghton-Evans,
1975:141-146), they are mostly preferred to employ curvilinear
streets which, in addition to their aesthetic value, tend to
close vistas and hence limit the distance that motorists can
see ahead. This is believed to discourage speeding, which is
especially important on lov-level residential streets fronted
by dwellings, wvhere high speed is dangerous. In planned

residential areas, the curvilinear street hierarchy has long
been the nora for the layout of vehicular circulation systems

at the neighbourhood level.
Table 2.2 shows a general classification of urban streets



Bl commercial ribbon

Figure 2.4 Illustration of undifferentiated grid subdivision
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with prescribed functions and preferred design features; an
actual layout combining hierarchical structure with curvi-
linear form is illustrated in Figure 2.5. The designated
carrying capacities and speed limits of the different classes
of streets decrease progressively from freeways to arterials
to access streets, and their design features vary correspon-
dingly. It must be pointed out, however, that design prescrip-~
tions and standards are never static; planners and engineers
revise them in response to the ever-changing traffic situ-

ations in North American cities. As a result, streets of the

»
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Pigure 2.5 A curvilinear street hierarchy in Montgomery
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same class in existing residential areas do not necessarily
take the same form because they were not built to the same
design standards; nor are the ourrent planning standards
necessarily enforced at the time of development.

As a particular class of residential street, arterials
need special consideration because of their high frequencies
of pedestrian accidents, as indicated in Section 2.2.3. In
residential areas, arterial streets can take three main forms,
each of which has distinctive implications for pedestrian
safety. These forms are illustrated in Figure 2.6:

(1) arterial streets with dwellings directly fronting on
them, with narrow sidewvalks immediately abutting vehicle
lanes, and with unrestricted pedestrian access onto them
(poorly insulated):

(2) arterial streets with parallel access streets
(commonly called service roads), with sidewalks and abutting
dvellings set back from the through street, and with reduced
pedestrian access (partially insulated);

(3) arterial streets with a reverse frontage for the
abutting houses, and fences or berms and screen planting in a
non-access reservation along the rear property line, and vith
strictly limited pedestrian access (highly insulated).
pedestrians have free access to the roadway and jaywalking is
most likely to occur. The second type is an improvesent over
the first, since the service roads at least provide buffers
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Figure 2.6 Three distinctive forms of arterial streets
in residential areas
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for pedestrians walking on the sidevalks; they also reduce the
opportunities for jaywalking. The third type, which is most
preferred by planners today, should be the safest because
pedestrian access to the arterial streets is restricted to a
few controlled intersections and jaywalking at mid-block
locations is prevented.

When streets of various classes are laid to form a net-
work, especially a curvilinear network, there are alternative
ways for them to connect with one another. This results in
different types of intersections. Four main ones can be
distinguished:

(1) cross-intersection (4-leg)

(2) T=intersection (3-leg)

(3) acute-intersection (3- or 4-leq)

(4) traffic circle (also called rotary intersection)
Figure 2.7 illustrates the potential pedestrian-vehicle
conflict points for each of these types. In order to isolate
the effectiveness of the basic design features, all forms of
intersections are assumed to be uncontrolled, allowing
pedestrians and vehicles to compete simultaneously for a
particular space domain.

The most complex arrangement occurs at cross-intersec-
tions, where there are as many as eight pedestrian-vehicle
conflict points. To make the situation worse, at four of these
points pedestrians may face vehicles from three different
directions: going straight ahead, making a right turn, and

L })



(o) conllict points ot cross-intersection (b) conflict points ot T-intersection

{c) conflict points ot acute-intersection (d) conflict points ot o traffic circle
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from three directions

Figure 2.7 Theoretical pedestrian-vehicle conflict patterns
for different forms of intersections

42



making a left turn. On four-lane :trni;g,g the number of
pedestrian-vehicle conflict points is doubled. In addition, a
cross-intersection has sixteen vehicle-vehicle conflict
points. This causes drivers’ attention to be highly divided,
which increases the likelihood of driver errors.

At T-intersections, the number of pedestrian-vehicle
conflict points is reduced to six. More importantly, pedes-
trians at any conflict point face vehicles from a saximum of
two directions. Besides, vehicle-vehicle conflict points are
reduced to three, so that drivers’ attention is less divided.

The numbers of conflict points at acute-intersections are
the same as those at cross-intersections or T-intersections,
depending on whether they have four or three legs. The salient
problem of acute-intersections is that the acute angle may
block the view of both drivers and pedestrians, thus increas-
ing the accident hazard. For this reason, acute intersections
are rarely built today. It is now a principle of street design
that intersecting streets should alvays meet at right angles.

Traffic circles are much less common than other forms of
intersections in residential areas, but they are sometimes
used on arterial streets forming neighbourhood boundaries,
usually at the junction of two arterials. This type of
intersection favours a heavy and fast flow of vehicles. If
circles are located in residential areas, and especially it
they are close to local service facilities, they may ocarry
special hazards for pedestrians, though they have no more



confliot points than a cross-intersection. For example, any

driver who has experience of going through a traffic circle

circle at rush hours. Most vehicles enter and leave traffic
circles at relatively high speed. Often, too, drivers are
paying so much attention to the vehicles on their left that
they fail to observe pedestrians on their right, even when
they are attempting to cross at designated crossings.
Obviously, T-intersections should be the safest type of

intersection for pedestrians because they have the lowvest

should be safer than cross-intersections as urban planners and
engineers have long recognized, beginning with the eminent
Austrian planner, Camillo Sitte, more than one hundred years
ago (Sitte, 1965:93-95). Cross-intersections are still widely
applied, however, especially on arterial streets, because of
their efficiency in channelling straight-through traffic and
alleviating traffic delay. Acute intersections, on the other
hand, have generally been avoided by planners, unless necessi-
tated by the local terrain. Traffic circles, the least
friendly type of intersection for pedestrians, are now out of
favour in North America, even on arterial streets (American
Socliety of Civil Engineers, 1990).

2.3.1.3,. Block Pattern

In residential areas, a block is a piece of land sur-



rounded by streets. Residential blocks can take the following
general forms: (1) conventional block, (2) cluster block and
(3) superblock (Figure 2.8).

Conventional blocks are subdivided into lots generally
backing onto one another and fronting on streets. A backlane
running the length of the street ordinarily bisects each block
to provide the right-of-way for access to a rear door and a
rear garage. The openings of the backlanes create extra
"intersections” on residential streets. Conventional blocks
are further differentiated as reqular (i.e. rectangular) or
irregular. The former are alwvays associated with grid street
networks and usually result in cross-intersections; whereas
the latter are associated with curvilinear street netwvorks and
a higher frequency of T-incersections. Irregular blocks are
also larger on average than rectangular blocks.

Cluster blocks are laneless subdivisions, with houses
clustered around culs-de-sac and short-loop streets. They are
irregular in shape but tend to be larger than irregular
conventional blocks, though not as large as superblocks. These
are the largest of all, combining houses, open spaces, play-
grounds and even schools into single blocks, with internal
pedestrian paths to link them together. In addition, in the
true superblock form, houses are oriented to face the interior
only, whereas houses in cluster blocks have a more conven-

tional orientation, facing the street or cul-de-sac vhere
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pedestrian traffic is also concentrated.

Generally, the more blocks a residential area is subdi-
vided into, the more streets and intersections there are, and
the higher the potential for pedestrian-vehicle conflict. As
part of the development of environmental solutions to pedes-
trian safety, planners first shifted from regular to irregular
conventional blocks with the adoption of curvilinear street
hierarchies, which resulted in a corresponding reduction in
street area and the number of intersections, especially cross-
intersections. Then, they shifted preference again from
irregular conventional blocks to cluster blocks and super-
blocks. This led to a further reduction in street area and the
number of formal intersections, as well as eliminating the
openings of backlanes on residential streets and increasing
the visibility of vehicles entering and leaving front-drive
garages. In addition, superblocks greatly reduce the need for
inter-block pedestrian trips between homes and local service
facilities. Indeed, the superblock concept wvas developed in
the expectation that it would be superior to all other types
of blocks for ensuring pedestrian safety in residential areas
(Stein, 1957).

2.3.1.4. Yorm of Pedestrias Circulatioa Netwerk
Three general approaches have been taken to the provision
of pedestrian facilities in residential areas. These are
referred to as integration, accommodation and separation.



(1) Integration
The integration approach is a very old practice for the

treatment of pedestrians, but its modern technical term is
"ghared surface residential roads™ (Jenks, 1986); that |is,
pedestrians share the street surface with other means of
transportation. That was the historical pattern, but with the
increasing use of automobiles, streets carrying significant
vehicular volumes were no longer safe for pedestrians. Today,
major streets such as arterials and collectors would never be
designed on the integration principle, though it is still
applied on certain access streets in low-density areas, vhere
traffic volume is low and through traffic is unlikely or
impossible. As explained in a recent technical manual (Ameri-
can Society of Civil Engineers, 1990:58), "On low-traffic
streets such as culs-de-sac, the street itself often fulfils
these functions [of serving as a meeting place for neighbours
and a play area for children}”.

In Burope, even more than in North America, integration
has experienced something of a revival in recent years. This
is 4llustrated by the Woonerf model developed by Dutch
planners, which allows all kinds of traffic on the same
street. Pedestrians are preeminent, though, and various design
measurses are applied to lower the speed of vehicles to the
pedestrians’ level (see Figure 2.9). Obviously, Woonerves are
appropriate only to access streets, not to collectors or
arterials, since the desired flow of traffic would be impeded



(This page is removed from the thesis because of
copyright restrictions.)

Figure 2.9 A sketch of Woonerf, showving design features to
reduce traffic speed and to provide pedestrian
anenities

Source: Poulton, 1982
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by the "Woonerf furniture". There is no evidence that the
integration approach is ever used for planning a complete
neighbourhood network.

(2) Accommodation

According to Untermann (1984), accommodation means
finding room for pedestrians within the framework of public
streets. Characteristically, this means that pedestrians are
"accommodated” on sidevalks along residential streets. Side-
walks are the most common form of pedestrian facilities in
North American cities. In older residential areas, they tend
to be narrow and either abut driving lanes or are separated
from them by narrow boulevards. In nev areas, hovever, and
especially on collector and arterial streets, they are
commonly set back from driving lanes with planting strips as
buffers so that children walking and playing enjoy increased
safety from street traffic, and the danger of collision
between pedestrians and out-of-control vehicles is minimized
(see Pigure 2.10).

Typically, sidewalks are linked to form a pedestrian
circulation network by at-grade crosswalks supported by
various traffic control devices (mainly traffic lights and
signs). According to Bwing (1991), many planners and devel-
opers consider this approach to be adequate to meet the needs
of pedestrians in residential areas. In his own survey of 38
nev communities in the United States, Eving found that most of
them favoured meandering sidewalks which generally followed
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Figure 2.10 Illustration of improved sidewalks in new
residential areas

Source: Homburger, Deakin, Bosselmann, Smith and Beukers,
1989:77
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the street alignments.
(3) Saparation

The main feature of this approach is the provision of
footpath networks running through the interiors of residential
blocks and separated from streets (Figure 2.11). Separated
footpaths most often go hand-in-hand wvith superblocks to 1link
homes with local service facilities, but they can be incorpor-
ated into cluster-blocks as wall, particularly to connect
pairs of culs-de-sac or to provide local access to open space.
When footpaths have to cross streets, grade-separated cross-
wvalks in the form of tunnels or bridges are favoured in
principle, though they are not often built.

Many planners have praised separation as the best means
of preventing pedestrian-vehicle conflict and hence of
reducing the prospect of pedestrian accidents (8tein, 1957;
Noble, 1977), though this is not universally agreed. There
have been three main criticisms (Untermann, 1984; Tolley,
1989; Ewing, 1991). The first is that separation costs more,
for both construction and maintenance. Second, vertical
separation for pedestrians crossing streets is not always
feasible due to its inconvenience (such as the extra effort
required for climbing and descending steps). If crossvalks
cannot be made safe and easy to pass, the safety gains made on
internal paths are unlikely to be fully utilised. It is vhen
crossing streets that pedestrians are mainly at risk. Third,



rigure

2.11 A separate footpath leading to a playground in
Edmonton. Also seen in the background are
multi-family dwellings and other recreational
facilities (i.e. a hockey rink and tennis
courts), all in the same superblock.



(1991) argues that people like to see and be seen, and the
kind of surveillance that occurs on a sidewalk in front of
houses offers more security than a footpath network behind

houses or through parks.

2.3.2 Concepts of Environmental Configurationm for
Residential Areas

have influenced the form of North American residential
development over the course of the 20th century. Each concept
incorporates particular forms of the four design elements, the
combinations of which give rise to distinctive type configur

ations. Since each type has its own implications for the
spatial patterns of pedestrian activity and the risk of
pedestrian accidents, the reviev will establish the basic
framework that is required for a systematic evaluation of the
effects of different forms of environment, unplanned as vell
as planned, on pedestrian safety. The reviev begins vith a
brief description of grid-pattern subdivision, representing
the unplanned state of residential developmeat. The evolution
under three sub-titles: (1) the neighbourhood unit concept;
(2) the Radburn and cluster-plan concepts; and (3) the
principle of hierarchical organization.

2.3.2.1 grid-Pattera Resideatial Subdivision
Before automobiles became widely used, cities wvere
54



traffic was considered unimportant. At that time, the street
layout most often encountered in the residential areas of
North American cities was the grid with rectangular blocks, as
jllustrated in Figure 2.4. This type of subdivision was not
designed to fit into a preset neighbourhood structure and it

had no formal land use organization. Shops and commercial

in the form of a ribbon. Other facilities, such as schools,
playgrounds and parks, were mostly separated from residential
blocks. They were built wherever sites could be obtained, with
no obvious order in relation to their service areas. Some
streets had narrov sidewalks, but many had no sidevalks at
all, which means that pedestrian circulation networks were not
purposefully built.

Starting in the 1920s, the automobile came to the fore as
an important means of urban transportation (Yeates and Garner,
1976:198). Its videspread use made the undifferentiated grid
network unsafe for pedestrians. Every subdivision had a high
density of streets, numerous cross-intersections and many
grid form meant that every residential street vas a potential
short-cut, drawing traffic into and through the neighbourhood
and encouraging non-resident parking, especially in the
vicinity of commercial ribbons. As Kostka (1954:22) remarked,

"The straight lines of the grid layout lead inevitably to the



use of residential streets by heavy through traffic in the
hope of avoiding congestion on major arteries. Even good
traffic control fails to prevent increased dangers to pedes-
trians crossing streets.” The hazard to children was especial-
ly great, since they often had to cross many streets (includ-
ing thoroughfares) to reach their schools and playgrounds. In
addition, pedestrian shoppers had to cross the heavily
trafficked commercial streets, as vell as the frequent cross
streets, to visit different shops and service outlets. The
lack of convenient and safe pedestrian facilities, and a
general dependence on narrow, discontinuous sidewalks without
planting strips, contributed further to pedestrian-vehicle

conflicts.

2.3.2.2 The Neighbourhood Unit Conmcept

To improve on the conditions of grid subdivisicns,
Clarence Perry, an American planner, proposed in the mid 1920s
a nev formula for the spatial organisation of residential
development. This was the well-known neighbourhood unit
concept (Figure 2.12). Physically, according to Perry, a
neighbourhood unit should be centred around an elesentary
school and bounded by traffic arteries or other physical

industrial districts). Its spatial dimensions should be
determined by the service area of the elementary school and
the criterion that all dwellings in the neighbourhood unit
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Figure 2.12 The neighbourhood unit concept

Source: Perry, 1929
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ought to be within walking distance of the centrally located
school. PFunctionally, the neighbourhood unit was proposed to

be as self-contained as possible, so that residents could meet

addition to the elementary school, Perry considered that each
neighbourhood unit should include such service facilities as
a community meeting hall, convenience shops, and churches, and
that at least 10 per cent of its total area should be in open
space for play and recreation. To control through traffic and
channel internal circulation, the neighbourhood streets should
be laid out in curvilinear forms and with hierarchical
ordering; an actual example from Calgary is shown in Pigure
2.73. Dwellings would still be organised in conventional
blocks, but most blocks would have an irregular shape because
of the curvilinear street pattern.

Perry’s neighbourhood unit has alwvays been regarded as a
major improvement over grid subdivisions from the standpoint
of pedestrian safety. First of all, the vhole neighbourhood
vas to be structured to promote safe walking. Children, in
particular, would be able to walk to the neighbourhood
inds wvithout having to cross any

elementary school and playg
arterial streets, as would any neighbourhood residents who
vished to make use of the facilities in the community centre.
shopping facilities, also within walking distance from most
houses, were proposed to be grouped in designed clusters
abutting peripheral streets at neighbourhood portals, so that
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Figure 2.13 Proposed street hierarchy for a neighbourhood unit
in Calgary

Source: adapted from Davis and Gordon, 1958:13)



it would not be necessary for pedestrian shoppers to cross
busy streets to reach a shopping centre or to visit different

Second, by limiting the number of neighbourhood entrances
and eliminating direct through streets, the curvilinear
hierarchy ensured that only local traffic would penetrate the
neighbourhood. Moreover, the definite channelling of internal
traffic onto specially-designed collector roads and related
design features (such as an increase in average block size,
the reduced frequency of intersections, the greater use of T-
intersections and the placement of houses on minor access

streets) meant that the potential for conflict between

points would be well designed and efficiently regulated.

on the negative side, Perry did not explicitly propose
any concrete forms of pedestrian facilities that would ease
intra-neighbourhood pedestrian movement; nor did he propose
measures to insulate peripheral houses from boundary streets.
Most importantly, he conceived the neighbourhood as a largely
independent unit with little functional relation with adjacent
areas. The n:ighhnu:ﬁaeé unit principles prescribed nothing
about the spatial arrangement of those local service facil-~
ities that drav on the population of more than one neighbour-



hood unit, such as high schools and parochial schools. This
also meant that the issue of pedestrian safety on boundary
streets vas given inadequate consideration, which led Blackman
(1966:12) to the following assertion:

"I hesitate to presume that a restudy would verify

that limited access subdivisions [(his term for the

neighbourhood unit] are also safer (than g¢grid

subdivisions]) for pedestrians. PFurthermore, a

restudy would only indicate whether children are

safer walking within a limited access subdivision;

it would not indicate whether children are safer

walking between sutdivisions. It is the between-

subdivision question which is raised by proposals

to alter the neighbourhood school patterns."

Nevertheless, neighbourhood unit principles were widely
adopted, not just in North American cities but throughout the
industrial world. It should also be pointed out that Perry’s
diagranm vas a planning concept only, not a design model. Every
neighbourhood unit has to be individually designed to fit its
specific context, with the result that neighbourhoods built to
Perry’s principles show considerable variation in their
detailed forms, including land use arrangement as wvell as
street layout. The treatment of boundary streets varies too,
in the manner illustrated in Figure 2.6. Variations of these
kinds have important implications for pedestrian safety,
especially the safety of inter-neighbourhood pedestrian trips.
They not only affect the frequency of such trips, depending on
the degree to wvhich residents must look to adjacent neighbour-
hoods for esssential services, but they influence the effec-
tiveness vwith which vehicular-pedestrian oonflict can be
managed in individual situatioms.

62



2.3.2.3 The Radburn Concept and Cluster Subdivision

To further enhance pedestrian safety in residential
areas, Henry Wright and Clarence Stein, also American planners
to the design of residential environment. This became known as
the Radburn concept, after the community where it vas first
employed, and its important attribute was a radical revision
of relations among homes, blocks, paths, streets, and open
spaces. One of its main purposes was to separate pedestrians
from automobile traffic as much as possible.

In terms of environmental design elements, the Radburn
concept adopted the following unique features (Figure 2.14):

1. As in Perry’s concept, residential arsas were organ-
ized into neighbourhood units centred around an elementary
school, but the neighbourhood form was quite unlike that of
conventional neighbourhood units. In the Radburn model, each
neighbourhood was subdivided into a small number of super-
blocks, in which open spaces, playgrounds and even schools and
related facilities were combined with dwellings for safe and
easy pedestrian access. This is where the superblock concept
vas formally developed in its North American application. In
the original Radburn development, houses were grouped in

face onto the interior open spaces.
2. The internal streets at Radburr were also laid out in
curvilinear forms and with hierarchical ordering, as Perry



Figure 2.14 The Radburn iconcept

(This figure, showing one neighbourhood of

tvo superblocks, illustrates the major Radburn
features: internal open spaces and playgrounds,
separate footpaths, and dwelling clusters
around culs-de-sac.)

Source: Adams, 1934:268

63



proposed, but acciss to dwellings was mostly in the form of
culs-de-sac vhich opened directly onto collector streets. They
wvere better described as service lanes than streets, both
because of their narrow width (20 feet or less) and because
they were designed to provide rear access only.

the interiors of the superblocks formed an extensive pedes-
trian circulation network to connect homes with service
facilities. Where these paths had to cross streets, leading
from one superblock to the next, grade-separated crosswalks
were provided.

The organization of neighbourhood facilities in the
Radburn concept was a further improvement over Perry’s
neighbourhood unit. For example, playgrounds and open spaces
in the interiors of residential blocks should be superior
pedestrian activity spaces, especially for children engaged in
play and adults walking for exercise. Other interior facil-
ities (such as schools and community halls) also help to

can again be regarded as superior to the normal form of
neighbourhood unit. Since superblocks are much larger than
conventional blocks, the density of streets and intersections
and the number of neighbourhood entrances can be greatly
reduced in Radburn subdivisions. In superblocks, automobiles



leaving the other side of the house free from traffic. The
cul-de-sac should be a particularly safe form of access street
becauze no through traffic is possible there.

Unlike conventional sidewalks along streets (i.e. the
accommodation approach), the footpaths at Radburn are incor-
porated into the interior open spaces, which completely
separate pedestrians from vehicles. Grade-separated crossings
provide further protection for pedestrians, and are especially
valuable for inter-neighbourhood pedestrian trips across
arterial streets.

Wright and Stein’s concept was first tested with a
physical form in 1928 at Radburn in the Borough of Fairlawn,
New Jersey. It was then followed in the development of a
number of model American new towns (Stein, 1957), and was
widely used in the British new towns as well (Parsons, 1992).
In general practice, however, the concept has had its widest
application in multi-family housing projects, rather than in
the development of entire neighbourhoods. In its low density
form, developers commonly considered Radburn-style superblocks
to be uneconomical, and reversed houses have never proved
popular with either developers or homeowners. It was not until
the Radburn model was adapted into a new foram, known as the
cluster subdivision or the cluster-plan neighbourhood, that it
came to have videspread influence (Whyte, 1964).

Cluster subdivision wvas initially favoured for economic

reasons, to reduce clearing and grading costs and to save on



the infrastructure needed to service residential units.
the Radburn concept (i.e. houses are grouped around culs-de-
sac), but have four distinctive features (National Association
of Home Builders, 1976; O’Mara, 1978; Sanders, 1980). First,
in areas of cluster subdivision, only the most developable
land is subdivided for housing. Less developable land is
preserved for natural landscape or for recreation grounds.
This implies that open spaces for amenity and recreation do
not necessarily form the backbones of superblocks. Second,
most blocks are cluster blocks (see Figure 2.8), though one or
two superblocks ¢ pically ocoupy the core of the neighbourhood
(rigure 2.15). They tend to be modified from the Radburn
model, however, in the sense that houses are not norsally
reversed but have a conventional orientation on their access
streets, as in cluster blocks. Culs-de-sac are given a more
conventional street form as vell, being vider and more visible
to drivers than those at Radburn. Third, the whole neighbour-
hood is served by a continuous collector street, which is
adequate for internal traffic flov and efficient fur public
transit services, but offers no benefits for through traffic.
With lov traffic volumes, grade-separated crosswalks are not
thought to be needed in the interiors of cluster-plan neigh-
bourhoods. Finally, walkway networks take composite forms,
combining the separation approach (in superblock interiors and



(This page is removed from the thesis because of
copyright restrictions.)

Figure 2.15 An American example of cluster-subdivision
neighbourhood

Source: Whyte, 1964:74
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approach (in cluster blocks) and perhaps the integration
approach (in individual culs-de-sac).

Over the past 25 years or so, the cluster-plan concept
has become the norm in residential planning and design in
North American cities. In its individual applications,
however, the variations in detailed neighbourhood fora are

almost infinite.

2.3.2.4 Adapting the nigmunm Unit to a Eierarchieal
structure of Residential Organisation

With the rapid progress of suburbanization and the
increasing demand for public services, it vas realized that
traditional neighbourhocd units of whatever form, Perry,
Radburn or cluster-plan, were too small to provide for all
needs of modern suburban life. As Carver (1962:60) pointed
out:

"The population that supports one elementary school

is not large enough to support the principal social

and commercial services on which suburban life

depends. ... A comprehensive system for residential

areas must, therefore, be conceived at a scale
larger than the neighbourhood, so that it ocan
embody all the essential features of suburban
living which are extra-territorial to the neigh-
bourhood*.
More recently, with changes in the demographic profile of
North American cities (e.g. a declining birth rate and an
aging population) and shrinking public funds, local govern-
ments have come to seek vays of providing basic services more
efficiently and cost-effectively. This implies that individual
neighbourhoods should no longer be treated as though they were
e



functionally self-contained units. Some sharing of local
services and facilities (even public slementary schools) has
come to be seen as unavoidable (Edmonton, 1990:135), adding
further impetus to the idea that neighbourhoods should be
grouped into larger spatial units.

The principle of hierarchical organization of residential
environments germinated in England in the late 19th century,
in Ebeneser Howard’s garden city concept. The garden city vas
originally conceived as a spatially independent and func-
open farm land. The town itself was proposed to consist of
several wvards (equivalent to neighbourhoods) grouped around a
centrally located town centre (Howard, 1945:51). This elemen-
tary concept was adopted by North American planners in the
19208 and 19308, in the development of model American new
towns. Radburn, for example, vhich vas conceived as a detached
suburb of New York, was planned to comprise three neighbour-
hoods organized around a subway station and the associated
town centre. Unfortunately, the coaplete plan of Radburn vas
never achieved due to the failure of Stein and Wright’s
development company during the financial corisis of 1929, but

wgreenbelt towns" in the 1930s (Stein, 1937).

Although the principle of hierarchical organisation vas
originally conceived for, and tested in, the development of
free-standing new towns, as North American cities extended



areas. This is what Carver (1962) theorized about in his book
by which he meant that suburban

extensions should be planned as largely self-contained service

units and organised with a hierarchical structure similar to
that being employed in the post-war British new towns. The
prototype in Canada was Don Mills in suburban Toronto, which
was planned in 1952 to include four neighbourhoods clustered
around a town centre (Sewell, 1977). Other Canadian cities,

including Edmonton and Calgary, began to adopt this approach

In general, the main objective of hierarchical organiz-
ation is to enhance functional relations among spatially
adjacent neighbourhoods and to make a broader array of
services accessible to a heterogenesous population. A fundamen-
tal requirement of hicrarchical planning is to strike a
balance between optimum choice in local services and easy
access to these facilities (Hoppenfeld, 1967).

In terms of physical form, a hierarchy can be structured
with either a two-level order or a three-level order, depend-
ing on the size of the development area (Smith and Noore,
1993). In a tvo-level hierarchy, the order is neighbourhood-
community; in a three-level hierarchy, it is neighbourhood-
community-suburban town, though there are no fixed titles for
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the higher order units. For instance, a community is called a
village in the nev towns of Columbia in Maryland and Reston in
Virginia: the suburban town level is called a district in
Edmonton, but a sector in Calgary.

Figure 2.16 illustrates the concept of a J-level hier-
archy. Neighbourhoods are still the basic development “cells"
or building blocks, but they are no longer regarded as
independent units, and their boundaries and physical separ-
ation are not always as clear-cut as they once vere. Individ-
ual neighbourhoods, which are usually configured on the
cluster-plan model, continue to be organized around an
elementary school combined with a park site, so that young
children can have easy access to school and play facilities on
foot. Several adjacent neighbourhoods then form a community,
wh’sh is focused on shopping, secondary education facilities
and parochial schools, as well as on more specialized recre-
ational and public service facilities, such as swisming pools
and branch libraries. At the next level, groups of communities
are organized into a district or suburban town around a "town
include four distinct types of functions, all in a purposeful-
ly designed pedestrian environment:

form of a market square or mall (i.e. a district
or regional shopping centre)

(2) a cluster of cultural and institutional facilities,
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including senior high schools, a theatre auditor-
ium, a library, and a hospital

(3) office buildings housing civic functions and

professional services

These functions in a town centre all require higher population
thresholds (or catchment areas) than lover-level services and
facilities, but none of them should be broadly-oriented to
attract outside traffic. Grouping various services and
facilities into spatial clusters not only reduces walking
distances from one facility to another, but also favours
pedestrianisation of the town centres.

In order that the maximum number of residents can have
easy access to the most frequently-visited local service
facilities, multi-family dwellings and senior ocitiszens
residences are normally located near the community and town
tered. Detached houses mostly take peripheral locations in the
community or town, since they tend to be occupied by relative-
ly affluent families with private transportation means. They
are also more likely to have their own outdoor spaces in the
form of private yards and gardens.

Associated vwith the hierarchical structure of land use
organisation is a distinctive hierarchy of streets (Figure
2.16), whose purpose is to facilitate intermal vehicular
] vhile

movement within cosmsunities and neighbour]
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channelling necessary through traffic in a safe and efficient
manner. At the top of the internal hierarchy is a network of
arterial streets, which bound communities and effectively
direct traffic outside the "town® onto freevays or expressvays
which also form district boundaries. No arterial streets
should directly serve residences, even with service roads.
Dwellings are insulated from these streets by vwide buffer
sones and are reversed to face into their neighbourhocds (see
Figure 2.6). Arterial streets are to be designed with special
care for pedestrian safety. For example, no pedestrian
generators, such as shops, schools and playgrounds, should be
located immediately along the arterial streets; neighbourhood
exits should be avoided on such streets as much as possible;
and safe pedestrian crossings must be provided at those fevw
locations where pedestrian walkways intersect the arterials.
The second level of the street hierarchy is usually a network
of major collector streets (alternatively ocalled minor
arterials in some publications), which channel community
traffic to and from arterial streets, and tie community
centres with the town centre. At the third level are ring-

shaped collector streets vhich connect all the neighl

community and town centres. The lowest level of the street
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hierarchy comprises access streets in the form of either short
loops or culs-de-sac.

To deal with the inter-neighbourhood pedestrian trips
generated by the sharing of local facilities, hierarchical
planning calls for extensive pedestrian circulation networks,
in the form of either separate footpaths or sidewalks. Thus,
pedestrian circulation netwvorks at the neighbourhood level are
connected to form a community-wide network; and the community
netwvorks, in turn, are connected into a town-vide systenm,
focusing on the town centre. It should also be evident from
this description that the concept of environmental configur-
ation applies at all three areal scales. Moreover, individual
communities and suburban towns are just as likely to vary in
their detailed configurations as individual neighbourhoods

arse.

2.4 Implications for the Research Design

Residential areas are important pedestrian activity
spaces, yet they are required to accommodate a great deal of
vehicular traffic as well. There is always some potential for
with children and elderly people being particularly vulnerable
to the accidents that ther result. Among the various factors
that may contribute to this outcome (including husan behaviour
and veather-related road conditions), the configuration of the
built environment plays an important role because pedestrian
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activity patterns and potential conflict should, in *heory, be
influenced by the spatial arrangement of local service
facilities in relation to various types of dwellings and
transportation facilities. This also implies that it should be
possible to minimize pedestrian-vehicle conflict through
deliberate manipulation of the built environment, hence
reducing the occurrence of accidents.

For a long time, planners have been making conscious
efforts to improve pedestrian safety through environmental
solutions. Planning concepts have also changed over time, but
they have always been based on the same 4 critical design
elements: viz. land use pattern, street pattern, block
pattern, and pedestrian circulation network. Each of these
elements can take different forms, and each form has distinct
implications for pedestrian safety. In fact, many of the
alternative forms of individual design elements represent
specific environmental solutions that planners have incorpor-
ated into their residential designs vith the aim of enhancing
pedestrian safety. For example, they devised planning prin-
ciples according to which dwellings and local service facil-
ities could be organized so as to require pedestrian users to
cross a minimun number of arterial strests to reach the
facilities from their homes; they adopted hierarchical street
netvorks wvhich made extensive use of such features as loop
streets, culs-de-sac and T-intersections; they invented
superblocks which inocorporated dwellings and local service
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facilities into the same blocks and also resulted in low
street density, lowv intersection density and limited neigh-
separate pedestrians from vehicles.

However, since the design elements go hand-in-hand in the
configuration of complete residential environments, individual
tions. This implies that the overall effectiveness of combina-
tions is more important than that of the individual elements
separately, because after all, residents interact with the
environment as a whole, not just its components. In terms of
alternative forms of environmental configuration, the follow-
ing normative design concepts have been formulated at differ-
ent times to guide residential development in North American
cities: grid-pattern subdivision; the neighbourhood unit
concept; the Radburn concept; the cluster-plan concept; and
the concept of hierarchical organization. In theory, neigh-
bourhoods of all types can be grouped into larger units with
hierarchical structures, though in practice cluster-plan

is that individual neighbourhoods are not configured in
isolation, as though they were independent units. Rather, each
is treated as a component of a larger unit deliberately
organiszed into a hierarchical structure to share local service

more than one neighbourhood to sustain them.
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These general concepts of residential form and organiz-
ation give rise to different types of neighbourhoods, which
represent distinctive forms of residential environment, both
planned and unplanned. Yet, although neighbourhoods of the
same type follow the same general planning and design prin-
ciples, they do not have identical configurations. As
described in Section 2.3.3, for example, since neighbourhoods
built to Perry’s principles were individually designed to fit
their specific contexts, they show considerable variety in
their detailed forms. For that matter, Perry’s planning
principles are essential to the Radburn and cluster-plan
of radically different treatments of street patterns, block
patterns and pedestrian networks. Generally speaking, all
design elements vary among neighbourhoods of the same type,
but land use patterns tend to vary most, without departing
from type. This mainly reflects the fact that not all neigh-
bourhoods need have the same local service facilities. Since
certain types of facilities (such as public high schools,
parochial schools and district shopping centres) serve the
population of more than one neighbourhood, they can be hosted
by some neighbourhoods only, not by all of them. These within-
type variations may have a significant influence on vehicular
and pedestrian flow patterns at a local scale, and therefore
affect the overall safety of the particular combinations of
environmental solutions prescribed in the different design
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concepts.

From ths review prasented in this chapter, 3 broad
questions emerge about the effectiveness of environmental
configuration from the standpoint of pedestrian safety:

(1) Are certain types of residential environments really
safer than others, as believed by the planners who deliberate-
ly configured them in accordance with particular design
concepts? And to the exten. that they are safer in general,
are they also safer for different segments of the population,
especially for children and elderly people who are most
vulnerable to pedestrian accidents?

(2) If certain types of residential environments are
indeed safer than others, is it because of the particular
forms of the individual design elements that vere consciously
incorporated into their design? That is, is it because of the
specific environmental solutions that are characteristic of
the type configurations?

(3) Are there significant differences in pedestrian
safety among neighbourhoods of the same general types? If
there are, can these differences be attributed to variations
in their local environmental configurations, and so cast
further light on the safety effects of certain environmental
design concepts?

These questions cannot be satisfactorily answered from
the existing research literature. First, of the studies that

did associate pedestrian accidents vwith features of the built
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environment, all wsre focused on limited aspects of street
design; none has been found to systematically investigate the
effects of other environmental solutions or the overall
effectiveness of different environmental configurations.
Second, most studies of pedestrian accidents were done in
European countries, and the known characteristics of pedes-
trian accidents and their planning implications were mainly
generalized from the European studies. Their findings cannot
readily be used to assess the environmental solutions that
were largely developed and implemented in the North American
context because of the significant differences between the two
continents in their urban forms and travel patterns. For
example, residential densities are generally lower in North
American cities, whereas rates of automobile ownership are
higher.

In light of these evident gaps in the research record,
the present problem was conceived to focus on 3 inquiries
which also constitute the particular objectives of the thesis.

The first objective is to evaluate, in the North American
context, using Edmonton as the case example, the relative
safety of the basic forms of residential environment as they
have been distinguished in Section 2.3. This inquiry intends
to reveal (1) if planned residential environments in general
are safer for pedestrians than unplanned environments, as
planners have long believed, and (2) which form of environment
is the safest in general and should therefore continue to be



followed as the model for future residential planning. The
evaluation will use neighbourhoods as the basic analytical
units, and grid neighbourhoods as the control against which
the safety of planned neighbourhoods of all types are com-
pared. The evaluation will be conducted for different age
groups as well as for total neighbourhood population, to find
out if "safer” residential environments benefit all age
groups, and especially school-aged children and elderly
people.

While the comparison of the different types of neighbour-
hoods is a necessary first step, it does not in itself
establish that differences in their pedestrian safety can be
attributed to differences in the forms of those particular
features of the built environment that planners have been
chiefly concerned to manipulate. The second objective, then,
is to assess the relative effectiveness of the alternative
forms of individual design elements by analysing their
associations with the incidence of pedestrian accidents. This
examination, as an extension of the first inquiry, serves to
explain whether some forms of residential environments are
safer than others because of the particular environmental
solutions, represented by preferred forms of individual design
elements, that were incorporated into their designs.

The third objective is to determine whether neighbour-
hoods of the same type vary in their degrees of pedestrian
safety, and, if they do, to relate the variations to differ-
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ences in local environmental configuration. That is, to

at the scale of the individual neighbourhood, and hence to
come to a more complete understanding of the effectiveness of
the various environmental solutions that planners have
devised.

To fulfil the above research objectives, using Edmonton

(1) Review Edmonton’s residential planning and develop-
ment history to identify the different forms of residential
environments that are represented there. This is needed for
tvo reasons: to determine if Edmonton is an appropriate
setting for a case study given the array of senvironmental
solutions that is theoretically available; and to permit the
development of an Edmonton typology that will provide the
substantive framework for the evaluation of the safety effects
of different environmental configurations.

(2) Based on the Edmonton review, formulate research
hypotheses about the safety effects of different types of
residential environments and the relative effectiveness of
different forms of individual design elements. The hypotheses
must relate to the particular Edmonton context to make sure
that they are testable in the case study and that local data
are available to allow them to be tested.

(3) Before the hypotheses are tested, extract some
general characteristics of pedestrian accidents in Edmonton



from the local accident records to establish the validity of
the research problem as hypothesized. Four points are of
greatest pertinence. To determine (1) if pedestrian accidents
are a salient problem in Edmonton’s residential ereas and
therefore justify the study of residential planning and design
for pedestrian safety: (2) if children and the elderly are
pore vulnerable to accidents than other age groups in Edmonton
and so should receive particular attention in the case study;
(3) if winter-related road conditions are a significant factor
in pedestrian accidents in Edmonton, thus reducing the effect
of the built environment and undermining the relationships
postulated in the hypotheses; and (4) if traffic control
devices (or regulatory measures) are sufficient on their own

to minimize the risk of pedestrian accidents and so reduce the

(4) Test the rescarch hypotheses by analysing three

general kinds of data: pedestrian accident data, environmental

problem requires local accident data to be analyzed in
relation to types of neighbourhoods, alternative foras of
individual design elements, and the distribution of neighbour-
hood population into pertinent age groups. Taken together,
these analyses vill constitute the substantive core of the
thesis and wvill provide detailed information that can then be
interpreted in light of the research questions and cbjectives.

In sum, the three inquiries on which the thesis will



focus complement one another to form a comprehersive and
systematic evaluation of the various planning principles and
resultant environmental solutions that have been employed in
North American cities in the past 70 years or so, to cope with

the problem of pedestrian safety in residential areas.



CHAPTER 3
DEVELOPKENT IN EDMONTOM: SETTING TEE LOCAL CONTEXT
FOR THE RESEARCH PROBLEM

Chapter 2 has laid down a conceptual framework for the
thesis research. The main purpose of Chapter 3, which reviews
in detail how the various forms of the design elements have
been applied : Edmonton, and the types of neighbourhoods that
have been created, is to construct the local classification
scheme that is required for a comparative evaluation of the
safety effects of different kinds of residential environments.
In the process, the review will demonstrate why Edmo~ton is an
appropriate setting for a case study in the North American

For thesis purposes, the history of residential develop-
ment in Edmonton can be split into four periods according to

distinctive forms of built environments that were created as
a result. These periods are: 1) unplanned residential develop-
ment prior to 1950; 2) development planned on conventional
neighbourhood unit principles in the 1950s and early 1960s; 3)

hierarchical organization of residential areas between the mid

approach to the provision of pedestrian facilities; and 4)
continuation of hierarchical organization in the late 1970s
and 1980s, but with a return to the "accommodation® of
pedestrians. In relation to the theoretical developments in
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-+~ ijential planning and design described in Chapter 2, the

t period corresponded to grid-pattern subdivision; the

se. ond period witnessed the wide application of Perry’s
- ighbourhood unit concept, though with modifications in some

circumstances; and the third and fourth reflected the adoption
of the principle of hierarchical organization combined with
the strong influences of the Radburn and cluster-plan con-
cepts. The characteristics of each period will be reviewed in

turn.

3.1 Unplanned Residential Development, Prior to 1950
Alberta adopted its first planning act in 1912, but that
initial legislation had no practical effect on Edmonton’s

physical form (Smith, 1979). Then, in 1929, the Alberta

powers were extecnded to municipal governments (Smith, 1986).
Following this, Edmonton appointed a Town Plarning Commission
to advise City Council on land allocations for streets, parks
and public services, and to regulate development by means of
a zoning bylaw, which the Commission drafted. The bylaw vas
adopted by Council and approved by the Provincial Minister of

Public Works in 1933. The Commission also prepared a major

respects, as well, planning was ineffective in this period
(Dale, 1969). Above all, no comprehensive plans were con-

ceived, either for the city as . whole or for residential



sectors, and no form of subdivision control was employed.

With respect to physical form, the initial agricultural
settlement in Edmonton was organized in 1883 into long, narrow
river lots, providing each homestead with a portion of river
front. This earliest subdivision was in line with “he policy
of the Government of Canada, which stated that settlements
bordering any river or lake or other body of water should be
subdivided into lots of a certain frontage and depth (Dale,
1969) . Edmonton’s river lots were later subdivided on a griad
for development purposes by surveyors working for land
speculators and real estate agencies (Gilpin, 1986). As the
city grew into the areas covered by the standard square-mile
sections of the Dominion Land Survey, the pattern of griad
subdivision extended far beyond the original river 1lots
(Figure 3.1). The creation of new subdivisions reached a peak
during the land boom of 1910-1912 (Smith, 1990). Except for
those subdivisions within the central part of the city,
however, most land remained vacant until after the Second
World War. Before 1950, the morphological development of
Edmonton was mainly based on this grid system, superimposed on
the old river lots. Some radial arterial roads deviated from
the standard grid but only because they followed old trails or
the lines of original settlement.

The residential areas developed prior to 1950 are
indicated in Pigure 3.2. They were mainly around the central
downtown area and in the o0ld towns of Jasper Place, Beverly,
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Figure 3.1 Grid subdivision in Edmonton
(Edmonton’s street network in 1930)

Source: Edmonton Planning Department, 1966:13
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and Strathcona. Although they were later classified into

maller units referred to as "old neighbourhoods" for urban
renewal purposes (Edmonton, 1977a), they followed none of the
principles proposed by Perry in his neighbourhood unit
concept.

Typically, as illustrated in Figure 3.3, Edmonton’s grid
neighbourhoods are distinguished by straight streets of
standard width (normally 66 faat), which create a regqular
pattern of small rectangular blocks and closely-spaced
intersections. Block dimensions vary but are commonly about
500 feet by 300 feet. Dwellings front on streets of all kinds,
including thoroughfares, and narrov sidewvalks immediately abut
vehicle lanes within the street right-of-way. Parks, play-
grounds and schools are mostly separated from residential
blocks and are located wherever sites could be obtained. There
are scattered corner stores selling groceries, but most
retailing outlets and services are aligned along major
thoroughfares and former streetcar routes to form commercial
strips (see Figure 3.2 for the major commercial strips in the
grid areas in Edmonton and Figure 3.3 for a particular example
on Stony Plain Road). As Noel Dant (1954:31), Edmonton’s first
town planner, described, the general form of Edmonton'’s
residential areas in 1949 was little different from that of
any other Canadian or American city of like size: “endless

streets of gridiron-planned housing, with the odd intersection
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all four corners, with no parking facilities, and built up teo
the limits without regard to traffic safety". Incompatible
land uses were often located in these residential areas as
well, and were poorly segregated from the surrounding dwell-
ings and service facilitles.

There were many problems associated with this type of
residential environment, which have warranted redevelopment
action since 1960. Two major problems identified in almost all
such areas are heavy through traffic and deficiencies in
service facilities, including parks and open spaces. Redevel-
opment actions have included (1) selective closure of residen-
tial streets to deter through traffic; (2) buying small,
scattered groups of lots to make up park deficiencies; and (3)
replacement of detached houses along arterial streets by
apartment buildings or landscaped buffer zones (see 156 Street
and 149 Street in Figure 3.3). None of these actions wvere
without problems. For instance, street closure often caused
inconvenience for local residents; scattered small parks vere
mostly unsuitable for youngsters to play competitive games;
infill development with multi-family dwellings made local park
spaces even more inadequate; and the location of the apartmsent
buildings exposed more households to traffic hazards on
arterial streets.

Finally, while all grid neighbourhoods resemble one
another in their regular street layouts, they vary in other

aspects of their 1local environmental contiguration. FPFor



example, the development of apartment strips along arterial
streets did not occur in all grid neighbourhoods (McCann,
1975) ; and while many grid neighbourhoods front on commercial
ribbons, some do not. In other cases, arterial streets cut
through neighbourhoods, and some of these are also lined with
retail facilities and apartments. From the perspective of the
thesis research, variations of this kind may be significant
enough to result in different pedestrian accident situations
among grid neighbourhoods. For instance, pedestrians can be
expected to cross streets more fregquently on apartment strips
and commercial ribbons than on normal streets, thus intensify-

ing pedestrian-vehicle conflicts.

3.2 Development on Neighbourhood Uni “rinciples:
1950-Mid 19608

In 1949, Edmonton City Council, realizing that its
established planning mechanisms would be ineffective in the
new growth period that was then beginning, appointed two
professors (Harold Spence-Sales and John Bland) from McGill
University to advise them on the state of physical development
and administration under the 1929 Town Planning Act. Among
their suggestions were the following:

1) revoke the 1933 Zoning Bylaw, and prepare an official

general plan with a nev zoning bylaw to implement it;

2) abolish the old Town Planning Commission, and set up

a technical planning board and a professionally-
staffed planning department to carry out local
$3



planning duties (Bland and Spence-Sales, 1949).

This provided the foundations from which the present planning
administration developed. It led to the establishment of the
City Planning Department in late 1949 (Dant, 1954) and the
Technical Planning Board in 1950 (Chan, 1969). Both exerted an

At the beginning of this period, Edmonton was ringed by
thousands of hectares of undeveloped or partially developed
land subdivided on the grid system (the aftermath of land
speculation as far back as the first decade of the century).
To correct the problems of past subdivision and to provide
better residential environments in future, Edmonton began to
implement replotting schemes (Dant, 1954). These were legal
instruments that permitted the resubdivision of undeveloped
land into a form more appropriate to the adoption of neigh-
bourhood unit principles (Hodge, 1991:242). In brief, the old
subdivision plans were cancelled, completely new plans were
drawn up, and the land was reapportioned to the surviving
owners. This procedure was greatly simplified in Edmonton’s
case by the fact that the areas suitable for replotting were
largely owned by the City as a consequence of tax del inquency
(Dale, 1969). This control also facilitated the adoption and
implementation of the neighbourhood unit concept. The neigh-
bourhood plans were prepared by the City Planning Department
and approved by the Technical Planning Board, and development
vas managed by the City Land Department (Chan, 1969). The
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first planned unit, Parkallen, was begun in 1950, but neigh-
bourhood unit principles were quickly extended to all other
areas of the city. (See Figure 3.2.)

Compared with grid subdivisions, the neighbourhood units

ould provide many amenities with no great loss of building

0

lots because a curvilinear street layout consumes less land
than a grid layout. Blocks are larger on average and minor
access streets are narrower. The land so saved was then used
for parks, school sites, churches, shopping areas, and eaven
landscaped buffer zones and boulevards to insulate peripheral
houses on boundary streets. Take the Sherbrooke neighbourhood
for example (see Figure 3.4 and Table 3.1):; after replotting,
its internal street area was reduced by 15.5 acres (27 per
cent), while school sites with affiliated playgrounds and
parks increased by 11.9 acres (566 per cent) and other local
services by 4.1 acres (216 per cent).

Individual neighbourhood units were commonly organized

around an elementary school and adjoining playing fields and

physical barriers as ravines and open areas. Their streets
were in curvilinear forms and were ordered hierarchically.
Blocks were still in conventional format with a central back
lane, but most of them took irregular shapes due to the
curvilinear street patterns. The number of neighbourhood
entrances/exits wvas greatly reduced (in S8herbrooke, from 23 to
5), which in concert with the internal curvilinear, hierarchi-
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Figure 3.4

Sherbrooke neighbourhood in Edmonton,
before and after replotting

The unplanned scheme (before replotting) is a
typical grid subdivision and shows the state
of development in 1949; the planned scheme
illustrates how the same land was replotted
folloving neighbuurhood unit principles.

Source: Map prepared for the Community Planning Association
of Canada by the Edmonton City Planning Department,
1955




Table 3.1
Comparative statistics for Sherbrooke, Rdmonton
hi!arn ni after replotting

Lgndhu,i; typn- Unplanned m:h::nigliann-d -ehg:-
(before replot- (after replot-
i _ —ting) _ting)
El}tqmnl Eﬁldi __57.2 acres ___41.7 acres
B-z‘vizg lanes _12.6 acres _10.7 acres
Publie school lPici 2.1 acres _6.0 acres
Separate school 0 acres 4.0 acres
Space — — — R—
Community league 0o ____ 2.0 acres _
_Parks - __0 . ___4.0 acres _
chu:o;h-l ) _ 0 . 1.5 acres
Shopping areas 1.9 acres (scat- 2.5 acres
_ ___tered) i} - _
Agricultural zone 19.0 acres O acres
_Light industry 6.6 acres 0 acres _
Miscellaneous (e.g. O acres 10.6 acres
planted buffers on
boundary streets) . - - i
Residential 122.6 acres 139 0 acres
single-family (1,068 units) (896 units)
row-=housing (0 units) (245 units)
apartments (0 units) (190 units)
total units (1,068 units) (1,331 units)
__gross dgnsi'g; 4.8 !migi(:cﬂi _6 units/acre
Total B 222.0 acres ~ 222.0 acres

Source: Map prepared for the Community Planning
Association of mlb; the Bdmonton City
t 1]

Planning Departamnt,

cal streets and T-intersections made through traffic aifrfi-
cult. Boundary streets, vhere heavy traffic vas «upm;t-d. vere

mostly grouped in clusters (rather than in the form of strips
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as in some grid subdivisions) and located near neighbourhood
shopping centras or schools for easy pedestrian access to
local facilities. (The only exception is in Sherbrooke, where
apartment buildings align 118 Avenue, but even there they are
set back with a service road in front.) Internal pedestrian
circulation wvas mainly accommodated on paved sidewalks. Inter-
neighbourhood pedestrian linkages received inadequate con-
sideration, however, because individual neighbourhood units
were designed independently, with little thought for their

functional relations with adjacent neighbourhoods.

One especially important feature of Edmonton’s earliest
neighbourhood units is that they were developed on lands that
were partially occupied with permanent structures (see the
"unplanned scheme” in Figure 3.4). The replotting schemes had
to accommodate these properties into the neighbourhood unit
plans, and some original streets were therefore retained,
giving rise to what are referred to in Edmonton as modified-
grid neighbourhoods (see the example of Belgravia in Pigure
3.5). As a transitional type, these neighbourhoods vary con-
siderably in their street layouts: some of them resemble grid
neighbourhoods with numerous entrances/exits and cross-
intersections; many have more similarities with the true
neighbourhood units with limited numbers of entry points and
a preponderance of curvilinear streets and T-intersections. In
their land use organization, however, modified-grid neighbour-
hoods are most 1like neighbourhood units. The replotting
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Figure 3.5 Belgravia, a modified-grid neighbourhood
in Edmonton

Source: Edmonton Planning Department, 1987



procedure alloved sites to be secured for local service
facilities and multi-family housing in accordance with Perry’s
principles, and simultaneously prevented the development of
features that the planners of the day regarded as undesirable,
such as commercial ribbons.

Every planned neighbourhood, including those of modified-
grid form, was individually designed to suit its particular
site conditions. The neighbourhoods developed in this period
therefore exhibit much variation in their detailed forms. For
instance, while most of them are bounded on three or four
sides by arterial roads, which also serve to separate adjoin-
ing units, some are bounded in part by natural barriers (such
as ravines and open spaces). In a few cases, as well, houses
streets, rather than a perimeter service road. (For an
example, see the northern boundary of Sherbrooke in Figure
3.4). The locations of neighbourhood shopping centres vary
also; sometimes (reflecting Dant’s English background) they
were placed in the centre of a neighbourhood, but more often
(as Perry proposed) there are at main entry points or a
corner, at the intersection of two arterial streets. The
pattern of development has been made even more complicated by
serve trade areas much larger than a single neighbourhood.
Since they attract large volumes of external traffic, they are
considered as incompatible land uses in their host neighbour-
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hoods. A final but particularly important variation relates to
the organization of educational services. Edmonton has two
parallel school systems: one consists of public schools, the
other of separate (Catholic) schools. Each system is struc-
tured with a 3-level hierarchy: elementary, junior high and
senior high. This has two implications. First, while most
neighbourhood units were planned as the service area of a
public elementary school, several neighbourhoods are required
to support either a junior or a senior high school. As a
result, some neighbourhoods host high schools, others do not.
Second, the population of separate school students in Edmonton
is less than half that of public school students. This means
that two neighbourhood units normally share one separate
elementary school, and many more share one separate high

school. Again, some neighbourhood units host separate schools,

interpreted.

3.3 Rierarchical structures Designed on the Separation
Principle: Mid-1960s to the Late 1970s

tial development was then expanding in three directions,
south, west and north. To provide public services more
efficiently and cost-effectively, a completely new planning
n residential development.

approach was adoptad for suburbi
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his was to exercise large-scale planning and to organize

=

residential areas with hierarchical structures (Graden, 1979).
was published. Although not adopted until 1971, it set out
Council’s major policies concerning Edmonton’s future growth
and development, and the concept of hierarchical organization
of residertial areas was prescribed for the first time as a
development principle. In the wvords of the plan, "Careful
study must be given to the design of each new neighbourhood in
relation to the next, and to the convenient grouping of
neighbourhoods into residential districts” (Edmonton Planning
Department, 1966:48). The City of Edmonton then embarked on
the preparation of a series of plans for the development of

its suburban districts, including the

1 (1970), the

(1971), the

(1971),
(1971), and the K

(1977). (See Figure 3.2 for these

planning areas.) The purpose of these outline plans, as they
vere then called (they later became known as area structure
plans in line with the 1977 Alberta Planning Act), was to
translate broad policies of the General Plan to a more refined
and intimate scale, and to provide the framework upon which
detailed subdivision plans could be based.

Most of the new residential districts that came under de-
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velopment in this period were planned to have a three-lievel
hierarchy of neighbourhood-community-district. Figure 3.6
illustrates this structure for Kaskitayo. The neighbourhood
was still the basic organizational unit, but two or three
adjacent neighbourhoods formed a residential community, which
focused on shopping and secondary education facilities as well
as separate elementary schools. The number of communities
varied in different districts. For instance, there were eight
in Mill Woods, but only three in Kaskitayo. In all districts,
component communities were organized around a proposed town
centre, which was planned to contain a shopping centre (either
district or regional), senior high schools, district open
health services, as well as high-density housing. Because
slowed down considerably after the early 1980s, none of the
town centres has yet been completed as proposed. In fact, the
Clareview and Riverbend town centres have not even been
started (Christy, 1987).

Associated with the hierarchical organization of neigh-
hierarchy that consisted of (from high to 1low) arterial
streets, collector streets and local access streets (see the
proposed hierarchical street systea for Mill Woods District in
Figure 3.7). Arterial streets were used to delimit the

planning district and divide it into communities. Their main
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neighbourhood
boundary street

Figure 3.7 Proposed hierarchical street system for Mill Woods
District, Edmonton (no access streets are shown) .
This district consists of 8 compact communities
around a town centre, each being separated by
arterial streets.

Source: Edmonton Planning Department, 1971:4.3
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function was to channel through traffic. Collector streets
formed neighbourhood boundaries within communities and also
penetrated neighbourhoods to provide local bus routes, along
which major local service facilities (e.g. schools, parks, or
shopping centres) and multi-family dwellings were situated
(see the example of Millbourne Road East in Figure 3.8). By
contrast, only minor streets, mainly in the form of culs-de-
sac or short loops, provided direct access to single-family
houses. Since no residential structures were built fronting on
asterial streets, service roads were unnecessary. Instead,
houses were mostly insulated from arterial streets by berms or
planted buffers, sometimes combined with concrete noise valls
which completely block pedestrian traffic.

Another important characteristic of suburban residential
development in Edmonton in this period was the strong influ-
ence of the Radburn concept, though not exactly as Stein and
Wright devised it. While the idea of separate footpath
networks was retained, other original Radburn features were
varied and blended with cluster subdivision principles to
create a modified form of Radburn neighbourhood, as illus-
trated in Figure 3.8. For instance, not all residential blocks
were laid out as superblocks. Instead, superblocks usually
formed the core blocks of a neighbourhood, where the slemen-
tary school, park, multi-family dwellings and even shopping
centres wvere located. Informal cluster blocks then surrounded

the superblocks. Residential buildings were mostly grouped
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Figure 3.8 Lee Ridge, a modified-Radburn neighbourhood
in the community of Millbourne, Mill Woods

Source: Edmonton Planning Department, 1987



around culs-de-sac or along short-loop access streets, but in
most cases they were not reversed to face internal open spaces
and footpaths as in Radburn.

Almost all the outline plans from this period emphasized
the separation approach as the primary principle for the
provision of pedestrian facilities. Its standard form was
described as a "spinal walkway system consisting of major
wvalkways [separate footpaths) which are directly connected to
access valks and sidewalks" (Edmonton Planning Department,
1968b:2). Figure 3.9 illustrates the walkway network proposed
for the community of Springfield, West Jasper Place, and shows
how it was intended to connect houses with parks, schools and
other service facilities, not just within individual neigh-
bourhoods but throughout the whole suburban district. Part of
the network actually constructed in the community of Millbour-
ne, Mill Woods is illustrated in Figure 3.8; it demonstrates
how thoroughly the pedestrian paths were segregated from
vehicular traffic. It was also intended, in the original
schemes, that grade-separated underpasses should be installed
vhere spinal walkways crossed arterial or collector streets
(see Figure 3.9), but this rarely materialized in Edmonton. In
fact, most walkways cross streets (including arterial streets)
at grade, with various forms of traffic control devices. This
is another departure from the original Radburn concspt.

Finally, a major source of variation in community

contiguration in Edmonton needs to be mentioned because it is
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considered to bear on pedestrian safety. That is, Edmonton’s

suburban communities differ in shape. Some communities (such

with circular loops of collector streets; others (such as
those in Castle Downs and West Jasper Place, see Figure 3.9)
take elongated shapes with elliptical collector loops. Unlike
collector streets in independent neighbourhood units which
seldom carry through traffic, collector streets in hierarchi-
cally structured communities normally carry some through
traffic from or to other neighbourhoods. In elongated commun-
ities, the collector streets tend to be long and fairly
straight and to have open vistas, all of which encourage
drivers to speed. This may create special dangers for pedes-
trians because most pedestrian-oriented service facilities
(including schools, playgrounds and neighbourhood shopping

centres) lie on these streets.

3.4 Return to the Accommodation Approach to the Provision of
Pedestrian Facilities

Through the 1980s, the six suburban districts mentioned
previously were still under development, although some nevw

districts were added as well. Residential development during

organization, and neighbourhood configuration resembled that
of the modified-Radburn neighbourhoods in terms of street
layout, block pattern and land use organization. The most
important change, for thesis purpos--, wvas the conscious shift
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avay from the separation approach to accommodation in the
provision of pedestrian facilities. The neighbourhoods created
in this period are most appropriately called cluster-plan
neighbourhoods. An example is given in Figure 3.10.

The change in approach started in the late 1970s. After

about 10 years of residential development in which separation

with the Transportation and Parks and Recreation departments)
released » cudy report on valkway systems (Edmonton Planning
Department, 1977b). This identified three major difficulties
networks. First, the high costs of walkway development had
translated into higher house prices in new areas, thus
affecting the housing market. Second, there had been disagree-
ment between developers and the City administration regarding
the period over which developers should be held responsible
for walkway maintenance. Furthermore, after the developers’
period of maintenance was over, no one city department had
sole responsibility for maintaining the walkways. For
instance, the Transportation Department was maintaining the
concrete walks: the Parks and Recreation Department maintained
the grass cover, shrubs, trees and benches; Edmonton Pover vas
responsible for walkway lighting; and Edmonton Water and
Sanitation removed waste. In a nutshell, there were diffi-
culties of coordination. Third, since residents along foot-

paths wish to ensure their privacy, they often enclosed their
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‘NEIGEQURHGQD AREA STRUCTURE PLAN

7~ AS AMENDED

Figure 3.10 Neighbourhood structure plan for Twin Brooks
in Edmonton (with occasional footpaths only)
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yards with fences. When fences were erected side by side, they
made the walkways "no man’s land" from a social point of view
(Figure 3.11). As a result of these difficulties, the Planning
Department recommended that the City support the construction
of fewer but more practical walkways in new subdivisions. This
marked the beginning of the shift back to the accommodation
approach.

The change did not just affect new suburban districts,
but applied as well to the undeveloped sections of those
districts planned in the 19708 to have separate footpath
networks. Characteristically, neighbourhoods developed or
planned since then use sidewalks as the major routes for
pedestrian circulation. Separate footpaths are provided only
occasionally, notably at the heads of culs-de-sac to offer

pedestrian shortcuts to parks and bus stops (see Figure 3.10).

to serve trips to schools, local shopping and natural areas.”

3.5 Classification of Meighbourhoods in Edmonton oa the Basis
of Environmental Configuration

During the past 100 years or so, residential development
in Edmonton has produced a variety of neighbourhood forms, to
the extent that all the types described in Chapter 2, with the
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Figure 3.11 A footpath bordered by fences, in Lee Ridge
neighbourhood in Mill Woods
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addition, a transitional type of neighbourhood, the modified
grid, resulted from the replotting schemes of the early 1950s.
Specifically, the following 5 types of neighbourhoods can be
distinguished in Edmonton. They constitute a ready classifi-
cation scheme of residential environments for evaluation
purposes:

1. Grid neighbourhood

2. Modified-grid neighbourhood

4. Modified-Radburn neighbourhood unit
5. Cluster-plan neighbourhood unit.

The grid neighbourhoods have no formal land use organiz-
ation. Many of them are associated with commercial ribbons and
apartment strips, or are adjacent to incompatible land uses.
Grid streets with small, rectangular blocks naturally result
in high street density, high intersection density (mostly
cross-intersections), and numerous neighbourhood entrances/
exits. A number of grid neighbourhoods are even cut through by
well-established arterial streets. Narrow, discontinuous
sidevalks are the major form of pedestrian facilities.

In the modified-grid neighbourhoods, the land use pattern
is partially structured, with centrally-located schools,
neighbourhood shopping centres and clustered multi-family
dvellings. Yet, the unmodified parts are in some cases still
associated with the typical features of unplanned residential
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environments, such as commercial ribbons, apartment strips and
incompatible land uses. Street layouts and boundary treatments
also vary considerably, depending on the degree of modifica-
tion from the original grid form. Pedestrians are accommodated
on conventional sidewalks.

built in general accordance with Perry’s principles. Each unit
is centred around a public elementary school and separated
from others by either arterial streets or natural barriers.
Shops and multi-family dwellings are deliberately clustered,
rather than in the form of ribbons along arterial streets. No
incompatible land uses other than district or regional
Streets are all in curvilinear forms with hierarchical
ordering, but blocks are still of conventional format though
with irregular shapes. Virtually no neighbourhood units are
cut through by arterial streets; Crestwood, which straddles
142 Street, is the only exception. Sidewalks form complete
pedestrian circulation networks on the accommodation prin-
ciple.

Modified-Radburn and cluster-plan neighbourhoods both
form slements of larger, hierarchically~-organized units. They
are also characterized by similar land use patterns, block
patterns and street layouts. In general, they centre on the
site of a public elementary school, but other facilities

concentrate in community or town centres. Normally, a super-
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block forms the core block of each neighbourhood, surrounded
by cluster-blocks. The component neighbourhoods in each
community are connected by a continuous collector street which
also serves public transit. Local access streets are mostly in
the forms of culs-de-sac and short loops. The only difference
in the configuration of these two types of neighbourhoods is
in their distinctive forms of pedestrian circulation networks:
the former have extensive separate footpath networks, while
the latter use sidewalks as the major routes for pedestrian
circulation, with only occasional short footpaths. In the
modified Radburn neighbourhoods, grade-separated pedestrian
crossings, which were favoured in the original Radburn
concept, have rarely materialized. Instead, most walkways
cross streets (including arterial streets) at grade, with
various forms of traffic control devices. From the standpoint
of pedestrian safety, these modifications require pedestrians
to cross more streets at grade than in a typical Radburn
neighbourhood. As a consequence, the differences in safety
effects between the genuine Radburn model and cluster-plan
neighbourhoods may not be fully revealed through an Edmonton
case study.

It must also be emphasized, as in North American cities
in general, that although Edmonton’s neighbourhoods were built
on the planning principles or concepts that prevailed at the
time of development, they were never designed to fixed models
with identical physical layouts. That is, neighbourhoods of
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CEAPTER 4
RESEBARCE KYPOTERSES AND STUDY PLAM
This chapter consists of 3 parts: the first part states
the research hypotheses; the second explains the study pro-
cedures and methods by which the hypotheses are to be tested;
the third describes the data sources used in the thesis

research.

4.1 Research Eypotheses

To reiterate, the general objectives of the thesis
research are (1) to evaluate the relative safety of different
forms of residential environment, using neighbourhoods as the

units of analysis, (2) to assess the respective effectiveness
of the alternative forms of the four critical design elements,
and (3) to determine whether variations in the degrees of
pedestrian safety among individual neighbourhoods of the same
general type can be attributed to local differences in their
environmental configurations. In Chapter 2, the various forms
of the environmental design elements were identified, along
with different design concepts that have given rise to
distinctive type configurations. Their applications in
Edmonton were then described in Chapter 3, to set the local
context for the research problem, and above all, to construct

an appropriate typology of Edmonton’s neighbourhoods
this background, 3 sets of hypotheses are now forsulated. The
tirst set, which is in accordance with the first research
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objective, relates to general neighbourhood forms and their
relative effects on pedestrian safety. The second postulates
associations between the incidence of pedestrian accidents and
different aspects of circulations networks, both vehicular and
pedestrian; it partially addresses the second research objec-
tive. The third, which relates to both the second and the
third research objectives, concerns the safety implications of
major variations in local environmental configuration, includ-

ing land use effects.

4.1.1 HRypotheses Relating to General Neighbourhood Form
This set of hypotheses focuses on the relative safety of
different types of neighbourhoods, classified on the basis of
their characteristic environmental configurations. As estab-
lished in Chapter 3, residential development in Edmonton, as
in North American cities in general, progressed from unplanned
subdivisions to planned neighbourhoods of various types.
Remember, when Clarence Perry invented the neighbourhood unit
concept, he conceived a particular combination of environ-
mental forms to promote pedestrian safety, such as a centrally
located elementary school within wvalking distance from the
homes in its intended service area, together with a
curvilinear street network organiszsed into a functional hier-
archy. These features wvere so influential that they were
retained as necessary characteristics for all forms of planned
neighbourhoods developed thersafter. Of the planned neigh-
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pourhoods of all forms, however, those incorporating Radburn
features (notably, superblocks and separate footpaths) have
long been considered to provide the safest pedestrian environ-
ment, especially when used in a hierarchical structure. From

these normative assumptions the following 5 hypotheses result:

neighbourhoods. In the former, grid streets tend to invite

through traffic. Moreover, pedestrians there have to cross
many streets, including heavily trafficked streets, to reach
local service facilities such as schools, playgrounds and
shops. In contrast, planned neighbourhoods with curvilinear

and hierarchical streets discourage through traffic and

the facilities within the neighbourhood, especially the
elementary school. (See Section 3.5 for detailed differences
in characteristic environmental configurations between
unplanned and planned neighbourhoods in Edmonton.) In theory,
the latter should be much safer for pedestrians than the

former.
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Theoretically, this difference should result mainly from their
respaective patterns of inter-neighbourhood organisation. The
former are seldom self-contained, yet they are often separated
by busy arterial streets from those neighbourhoods with which
they share facilities. Consequently, inter-neighbourhood
pedestrian trips result in a high exposure to traffic hazards,
especially the most regular trips made by school-age children.
In areas of hierarchical organization, by contrast, although
inter-neighbourhood pedestrian trips are still necessary,
neighbourhood boundary streets are either highly insulated
with strictly limited pedestrian accesses (in the case vhere

they are also community boundaries) or they are collector

streets designed for intra-community traffic only.

footpath networks separate pedestrians from streets, the
potential for conflict between pedestrians and vehicles on
residential streets should in theory be minimized, making mod-
ified-radburn neighbourhoods the sa st type of all in
Edmonton.




In the first group of neighbour-

hoods, such local service facilities as schools, playgrounds
and community halls are usually located in superblocks and
pedestrian users have to cross fever streets to reach then.
Where separate footpaths are provided as well, in the modifi-
ed-Radburn neighbourhoods, the potential for conflict between
pedestrians and vehicles on internal streets is reduced still
further. (Hypothesis 5 is different from Hypotheses 3 and 4 in
that it tests the relative safety of neighbourhood interiors
resulting from variations in block types and associated

The above 5 hypotheses will be tested for different age
jroups as well as for total neighbourhood populations, to find
out if the "safer” forms of planned residential environment
benefit all segments of the neighbourhood population, especia-
lly children and elderly people, who are particularly vulner-
able to pedestrian accidents.

4.1.2 Rypotheses Relating to Circulatioa Networks

First, all accidents happen on streets, at locations vhere
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street networks and pedestrian facility networks intersect or
coincide; it is therefore logical to presume (as already
indicated from the previous studies reviewed in S8ection 2.2.3)
that the varying forms of these two design elements will have
major implications for pedestrian safety. Second, of the four
design elements, it is the combination of street patterns and
pedestrian networks that most clearly differentiates Edmon-
ton’s 5 neighbourhood types from one another. Revealing the
safety effects of their differing forms should therefore be an
important step towards explaining whatever differences ars
actually found vhen the different types of neighbourhoods are
compared. Indeed, comparing the mean pedestrian accident rates
of neighbourhood types, as proposed in the first set of
hypotheses, does not explicitly demonstrate the effectiveness
of those features of circulation systems that urban planners
have been particularly concerned to manipulate. Based on the
information presented in Section 2.3.1.1, a second set of
hypotheses has been formulated to focus on the safety implica-
tions of the various forms of such critical features as street
type and density, intersection type and density, and the
number of neighbourhood entry points. The safety implications

of separate footpath networks are considered as well.




ds. Since conflicts between

pedestrians and vehicles occur on streets, it is logical to
postulate that the higher the density of streets in a residen-
tial neighbourhood, the more chances there are for pedestrian
intersections are where most crosswalks are located and
vehicles arrive at intersections from several directions,
which leads to high pedestrian accident risk. The negative
effects of multiple neighbourhood entrances/exits are two-
fold: on boundary streets which are mostly arterials, more
entrances/exits mean more intersections, which makes the

control of fast-moving vehicles and the facilitation of inter-

hood interiors, numerous entrances/exits tend to invite
through traffic, which is a major threat to pedestrian safety
on collector streets and access streets, as observed by
European studies. Since streat density, intersection density
and the number of neighbourhood entrances/exits are all
deliberately reduced in planned neighbourhoods, and especially
in the modified Radburn and cluster-plan neighbourhoods wvhere

superblocks and cluster blocks prevail, pedestrian accident




cal organization. Since most boundary streets are arterials,

their heavy loads of fast-moving through traffic pose a great
threat to cross-street pedestrian movement, an observation
made by the European studies reviewed in Section 2.2.3. The
boundary streets of grid neighbourhoods are assumed to be the
most hazardous because, in addition to unsafe land use
features such as commercial ribbons and apartment strips, they
are characterized by closely-spaced intersections which also
constitute neighbourhood entrances. The boundary streets of
independent neighbourhood units are expected to be less safe
than those of neighbourhoods belonging to hierarchical

structures mainly for the reasons stated in Hypothesis 3.

streets. This is because loop streets discourage through
traffic, and no through traffic of any kind is possible in
culs-de-sac, wvhereas every street in a conventional grid

network has the potential to attract non-local traftfic.

-, This is because the number of
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potential conflict points is minimized at T-intersections, as

was illustrated in Section 2.3.1.2.

the more foctpaths are provided, the fewer pedestrians who

should walk along streets, thus reducing the potential for
conflict between pedestrians and vehicles. This hypothesis
complements hypothesis 4 to examine the relative safety
effects of the modified-Radburn neighbourhoods and the
cluster-plan neighbourhoods. Since footpaths most often link
dwelling clusters to parks, playgrounds and schools in
superblocks, they are more likely to be used by children than
other age groups to walk to their most frequented destina-
tions. It is therefore expected that separate footpaths should
at least reduce the accident rates of school-age children, if
not those of other age groups or neighbourhood populations as

a whole.

4.1.3 NXypotheses Relating to Variations in Local
Environmental Configuration

While certain street patterns are assumed to be more
hazardous for pedestrians, it should not be expected that all
streets or intersections of the same form will be equally
significant accident locations. In other words, although
neighbourhoods of the same type are configured with similar
street patterns, it does not follow that their pedestrian

accident rates will be identical. This is because pedestrian
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forms, but must also relate to the intensity of vehicular
traffic and pedestrian flows on different streets, which is
influenced in turn by the spatial arrangement of vehicular and
pedestrian traffic generators. As was described in Chapter 3,
Edmonton’s neighbourhoods exhibit variations in their environ-
mental configuration not only between types, but also within
types, since neither unplanned nor planned neighbourhoods were
developed with identical forms. These variations may have
different safety effects on pedestrians, and they might also
contribute to the variations in pedestrian safety among
different types of neighbourhoods. Since land use patterns
commonly vary more among neighbourhoods of the same types, in
comparison with other design elements, they are treated here
as particularly important features of local configuration. On
the basis of a preliminary examination of the maps of pedes-
trian accident distribution produced for the thesis research,
the following hypotheses are formulated to investigate the

associations between the incidence of pedestrian accidents and

the local variations in environmental configuration:
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16. While commercial land uses in residential areas tend

to generate more pedestrian accidents than other types of land

The first set of hypotheses are tested in Chapter 6; the

second are dealt with in Chapter 7; and the third form the

basis for Chapter 8.

4.2 study Plan

4.2.1 Study Per.od and study Area

the results are likely to be, because longer study periods
mean larger databases, and larger databases tend to produce
more reliable estimates of population characteristics. In the
case of pedestrian accidents in Edmonton, although the City
Transportation Department has been keeping records for several
decades (and these records provided primary information on the
safety indicators that are essential for the thesis research),
a fixed format for the database was not adopted until 1982. In
other words, the pedestrian accident records prior to 1982 are
not directly comparable with those for the subsequent years.
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The study period had therefore to be limited to the years 1982
to 1990, inclusive. (Data for 1991 and 1992 were not available
at the time of writing.) Nevertheless, it is believed that the
data for these nine years, which contain 3804 pedestrian
accident records altogether, allowved a meaningful examination
of the pedestrian safety effects of the residential built
environment in Edmonton.

For physical planning purposes, Edmonton’s residential
areas are divided into 173 separate neighbourhoods by the
City’s Planning Department, though some of them were developed
too recently for meaningful comparisons of their accident
records. Hence, only those that came under development before
1982 were included in the research. This reduced the survey
population to a total of 153 neighbourhoods, all of which have
accident data for the full nine years, 1982-1990.

since "neighbourhoods", as defined by the Planning
Department, were adopted as the areal units for analytical
purposes, classification of the study neighbourhoods bacame a
crucial step of the thesis research. The classification
scheme, which was established in Chapter 3, comprises the
following 5 categories:

(1) grid neighbourhood

(2) modified-grid neighbourhood

(3) independent neighbourinood unit

(4) modified-Radburn neighbourhood forming part of a

hierarchical structure

-
1
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(5) cluster-plan neighbourhood forming part of a
hierarchical structurae.

However, applying this scheme was not altogether straightfor-
ward. The chief difficulty was caused by the modified grids,
since modifications to street layout and block pattern vary so
greatly that those at the upper extreme are not easily
distinguished from true neighbourhood units. Difficulties were
also encountered with the differentiation between the mod-
ified-Radburn and cluster-plan neighbourhoods. Characteristi-

cally, these two types of neighbourhoods are configured with
format; their only significant difference is that the mod-
ified-Radburn neighbourhoods have separate footpath netwvorks,
whereas the cluster-plan neighbourhoods have occasional
footpaths only. However, not all modified-Radburn neighbour-
hoods have equally extensive footpath networks; some, whose
close similarities with the later cluster-plan neighbourhoods.
In general, the date of development was sufficient to distin-
guish them, but some neighbourhoods have a transitional form,
identified by occasional footpaths rather than continuous
networks in their most recently developed portions.

With these difficulties in mind, the following classifi-

(1) To be classified as modified-grid rather than grid,
a neighbourhood had to be have been subject to a replotting
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scheme in the 1950s. This determination was based on Dal

e’
thesis on Edmonton’s physical development (Dale, 1969), which
includes an extensive treatment of replotting activity, and on
information from the Edmonton Planning Department, which
coined the term "modified-grid" and whose designations were
largely accepted. Under this rule, areas of grid subdivision
that were modified slightly by redevelopment actions in the
hoods. The Canora neighbourhood, which is illustrated in
Figure 3.3 , is a good case in point (8icoli, 1984).

(2) For those neighbourhoods that had been replotted, if
fewer than one-fifth of their total numbers of blocks after
replotting were regular conventional blocks (i.e. grid
blocks), and if all their boundary streets had been redesigned
with either service roads or reversed frontages, they were
classified as independent neighbourhood units. The remainder
were the modified-grid neighbourhoods as defined for thesis
purposes. The distinction was well illustrated in Chapter 3 in
the examples of Sherbrooke (Figure 3.4) and Belgravia (Figure
).

(3) By and large, the distinction between independent

I
LN

neighbourhood units and modified-Radburn or cluster-plan

neighbourhoods was clear-cut. The only overlap affects some

neighbourhoods that were built in the mid to late 1960s, when

Edmonton was starting to experiment with community-scale
configuration. For thesis purposes, the principle of hier-
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archical organization is associated with neighbourhoods of the
modified-Radburn and cluster-plan types, but some conventional
neighbourhood units also show similar features, notably
shopping centres and junior high schools deliberately located
for joint access.

(4) The modified-Radburns were differentiated from the
cluster-plan neighbourhoods in that they must have separate
footpaths in the core superblocks where their major local
service facilities are usually situated. This is an essential
characteristic of the Radburn concept. If it is missing, it is
impossible to connect the various footpaths into a comprehen-
sive neighbourhood network.

Oon this basis, the 153 study neighbourhoods were distrib-
uted as follows:

grid neighbourhoods (type 1): 42

modified-grid neighhourhoods (type 2): 19

independent neighbourhood units (type 3): 37

modified-Radburn neighbourhoods (type 4): 33

cluster-plan neighbourhoods (type 5): 22.
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ton’s data. These are (1) spatial patterns of pedestrian
accident distribution (i.e. pedestrian accidents in residen-
tial areas vs. those in non-residential areas); (2) pedestrian
accident distribution for different age groups; (3) temporal
and seasonal patterns of pedestrian accidents; and (4)
accident characteristics in relation to traffic control
measures. The general purpose of identifying these character-
istics is to establish the validity of the research problem as
specified in Section 2.4.

Specifically, these characteristics are expressed with

by an accident distribution map; (2) the frequencies of
pedestrian accidents and pedestrian accident rates for
different age groups; (3) the proportions of pedestrian
accidents for each hour of the day, each day of the week and
each month of the year:; and (4) the proportions of pedestrian
accidents associated with different forms of traffic control
devices. All of these were extracted and tallied from original
accident records.

For the thesis purpose, the total population is divided
into three major groups: children, adults and the elderly.
Children are defined as the age group from 1 to 19 years old;
adults are defined as from 20 to 64 years; and the elderly are
those 65 and over. Children are further broken down into three

sub-groups: (1) pre-schoolers from 0 to 4 years; (2) elemen-
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tary/junior high-school-aged children from 5 to 14 years; and
(3) senior high-school-aged children from 15 to 19 years. The
subdivision of children is pertinent because their needs for
local service facilities and their general walking behaviour

vary; their accident patterns may therefore be different.

4.2.3 Methods for Testing the Hypotheses Relating to General
Neighbourhood Form

To test the hypotheses that relate to general neighbour-
hood form, mean pedestrian accident rates were compared among
the five types of neighbourhoods in Edmonton. Two types of
rates were used. The first, the gross accident rate, was
calculated from all accidents, including those that occurred
on the neighbourhood boundary streets. In the second, the
intra-neighbourhood pedestrian accident rates, accidents on
boundary streets vere excluded, so the rates apply only to
those accidents that happened inside the neighbourhoods. Their
purpose is to test whether neighbourhoods consisting of super-
blocks and cluster blocks provide safer interiors than those
composed of conventional blocks (Hypothesis 5). Hypotheses 1-4
were tested using gross pedestrian accident rates. In all
cases, the tests vere performed first for total neighbourhood
population and then for the age groups defined above. The
intention of breaking total neighbourhood population down is
to discover whether the "safer" forms of residential environ-
especially children and elderly people.
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Since the safety effects of neighbourhood forms are the
focus of interest, potentially confounding factors must be
controlled as much as possible. Variations in population
density and traffic volume are of particular concern, because
large numbers of people and heavy traffic translate into a
high potential for pedestrian-vehicle conflict. The first of
these factors can be dealt with effectively by the use of a
pedestrian accident rate, expressed as the number of pedes-
trian accidents per 1,000 neighbourhood population, but the
second is more problematic. For many years, Edmonton Transpor-
tation has been counting traffic volumes on the city’s main
roads (mostly arterial streets), but not on low-level residen-
tial streets, which means that there is insufficient informa-
tion for an accurate control of the effects of traffic volume.
Nonetheless, it can be assumed that the internal vehicular
dents. That is, the traffic volume of a neighbourhood is
Under this assumption, the use of pedestrian accident rates
can be regarded as partially reducing the uneven effacts of
in the interiors of neighbourhoods and excessive traffic on
neighbourhood boundary streets) that are not accounted for by
the use of pedestrian accident rates, are regarded as being

caused by differences in environmental forms. This is one of
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the environmental problems to be investigated in the thesis
research.

Pedestrian accident rates were compared using the ANOVA
(analysis of variance) technique. This is used to compare more
than two sample means based on interval or ratio data, and
involves the calculation of two types of variance: within-
category variance and between-category variance. The two types
of variance form an F-test. In the research problem, there are
five categories, which are the five types of neighbourhoods.
4.1, where X, ., Xz X3.ns X, and X, , represent either gross or
intra-neighbourhood pedestrian accident rates for individual
neighbourhoods of each of the five types; and X,, X;, X,, X,
and R, are the mean gross or intra-neighbourhood pedestrian

accident rates for the five neighbourhood types, respectively.

Table 4.1
Tabulated variables for the analysis of variance

Neighbourhood
_type

Pedestrian

accident rate

for each
neighbourhood
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In the particular procedure, the statistical hypotheses are:
Ho: R,=R,=R,=R,=%,; (i.e. there is no variation in
terms of gross pedestrian accident rate among the five
neighbourhood types),
H,: at least two of the means are unequal.
Whether to accept or reject H, will depend on the calculated
F-value (i.e. the ratio of between-category variance and
within-category variance). If the calculated F-ratio |is
greater than the critical F-ratio found in a standard F-table
with the same degrees of freedom, we reject H, and accept H,;
otherwise, we do not reject H,.

If the five means are found to be statistically differ-
ent, the next step is to rank them using the technique of Two-
Sample Difference-of-Means Test. The general hypothesis for
the expected rank is the following:

R, >R;>R>R>R,
That is, grid subdivisions have the highest mean pedestrian
accident rates, both gross and intra-neighbourhood; modified-
grid neighbourhoods have the second highest mean rates; the
independent neighbourhood units have mean rates that are lower
than those for grid and modified-grid neighbourhoods, but
higher than the mean rates for the neighbourhocds of hier-
archical organization. Betwveen the modified-Radburn neighbour-
hoods (type 4) and the cluster-plan neighbourhoods (type S5),
the former vith separate footpaths have lower mean accident

rates than the latter.
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In the procedurse of Two-Sample Difference-of-Means Test,
two means were compared at a time. For example, the first pair
of statistical hypotheses is stated as the following:

Ho: R,-R%,50

H,: R,-%,>0
The two means to be compared form a t-test. If the calculated
t-value is greater than the critical t-value found in a
standard t-table with the same degrees of freedom, ve reject
H, and accept H,. Otherwise, we do not reject H,. In the

thesis, this procedure was repeated until all five neighbour-

rates. Both tasks, ANOVA and the Two-Sample Difference-of-

PHICS.

4.2.4 Nethods for Testing the Rypotheses Relating to
Ccirculation Networks

Comparing pedestrian accident rates among different forms
of residential environments at the neighbourhood lesvel does
not explicitly reveal how pedestrian accidents are related to
street patterns and separate footpath networks, two design
elements that are critical to environmental configuration.
This section describes how their relations vere investigated.
These analyses provide partial explanations for the variations
in pedestrian accident rates among different types of neigh-
bourhoods.
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4.2.4.1 Correlation Analyses between Pedestrian Aceident

Rates and Street Density, Intersection Density, and

the Number of Meighbourhood Batrances/Rxits
The hypothesis that pedestrian accident rates are
positively correlated with street density, intersection
density and the number of neighbourhood entrances/exits (i.e.
Hypothesis 6) was tested using the technigue of correlation
analysis. The variables for the correlation analysis are

tabulated in Table 4.2.

Table 4.2

Individual Number of Number of

neigh- accidents | intersec-

bourhood per 1,000 | tions per
people 100 ha.

A general correlation analysis was performed first to
show bivariate associations, in which pedestrian accident rate
is correlated with one environmental variable at a time.
Because street density, intersection density and the number of
neighbourhood entrances/exits should be correlated vwith one
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another to some extent, the correlation of any one variable
with accident rates, when the other two are not controlled, is
actually a combination of the effects of all three. For this
reason, a partial correlation analysis was also conducted to
verify if the relative importance of the three environmental
factors established in the general correlation holds true wvhen

4.2.4.2 Examination of the Relations between Pedestrian
Accidents and the Type of Street and Intersection

Streets in residential areas are functionally classified

as arterial streets, collector streets, and access streets.

ities and speed limits. In terms of neighbourhood unit theory,
residential streets can also be differentiated as boundary
streets and internal streets. For the particular purpose of
the thesis study, the following street classification was
adopted:

(1) neighbourhood boundary street

(2) internal collector strest

(3) straight access street

(4) short-loop access street

(5) cul-de-sac access street

(6) lanes and service roads

To each pedestrian accident record in the database was
added a nev variable for street type according to the location
vhere it occurred. This wvas done by first plotting the
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accidents on large-scale maps, and then identifying the type

of street associated with each accident. The proportions of

lated and compared among different neighbourhood types. This
provided the test for the hypothesis that most pedestrian

accidents happen on neighbourhood boundary streets; that the

for pedestrians; and that the proportion of pedestrian
accidents on boundary streets is higher for independent
neighbourhood units than it is in areas of hierarchical
organization. It was also the means for determining whether
the cul-de-sac is the safest form of access street for
pedestrians, and if short-loop streets are safer than straight
access streets.

To determine if T-intersections are safer than other -
forms of intersections, all pedestrian accidents that happened
at intersections were singled out for analysis. Each accident
was assigned a variable for intersection type (i.e. T-inter-
section, cross-intersection, acute-intersection, and traffic
circle). The variable for intersection type was then analyzed
using the method of cross-tabulation, to see wvhether some
types of intersections court more pedestrian accidents than

others.

4.2.4.3 Investigation of the Relations between Pedestriaa
Accidents and Separate Footpath Netwerks

This investigation consisted of two parts. The first part
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was a correlation analysis between pedestrian accident rates
and footpath density; the second part investigated accident
locations in relation to footpath networks. The analysis was
limited to type 4 neighbourhoods since they are the only ones
with footpath networks.

type of pedestrian facility in residential areas. In Section
4.2.3, it wvas described how the pedestrian accident rates for
different types of neighbourhoods were compared using ANOVA
and Two-Sample Difference-of-Means Test, from which it should
be possible to find out if neighbourhoods with separated
footpaths (i.e. type 4) are the safest in general. To obtain
further evidence about the contribution that separated
footpaths make to pedestrian accident rates, a correlation
analysis using the density of footpaths and pedestrian
accident rates was conducted. The density of footpaths was
expressed as the length of footpaths (in meters) per hectare.
The two variables for the correlation analysis are tabulated
in Table 4.3. Pearson’s product-moment correlation coefficient
“re yas calculated, to determine whether separate footpaths
correlate negatively with pedestrian accident rates.

of all 235 pedestrian accidents in type 4 neighbourhoods were
examined on airphotos, to see vhere they occurred in relation
to the footpath networks. Since all footpaths cross streets at

grade, they create more "intersections", or conflict points,
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Table ¢.3
Tabulated variables for correlation analysis between
separated pedestrian paths and pedestrian accident rates

Neighbourhood | Number of accidents | Length of footpaths
per 1,000 people (m) per hectare

Y,

LY

on boundary and collector streets. This part of the investiga-
tion aimed to discover if more accidents happened near the
junctions of footpaths and streets than at other mid-block
locations, thus reducing the overall safety effects of the

footpath networks.

4.2.5 Methods for Testing the Eypotheses Relating to
Variations in Local Environmental Configuration

To substantiate the postulated associations between
pedestrian accidents and variations in local environmental
configuration (i.e. to test hypotheses 11 to 16), a table
comprising pedestrian accident rates, accident frequencies and
a "checklist” of critical environmental features was compiled
for each neighbourhood type. These tables were designed to
show whether the critical environmental features are indeed
closely associated with the neighbourhoods that have relative-
ly high pedestrian accident rates. The various types of

neighbourhoods were analyzed separately to overcome the
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confounding effects of their differing street patterns. The
analyses were then complemented by detailed area studies to
demonstrate relations between the incidence of pedestrian
accidents and the critical environmental features at a micro
scale. At this stage, pedestrian accident frequencies are
useful in indicating actual concentrations of accidents in the
study neighbourhoods closely associated with the critical
environmental features.

To compare the safety effects of different sections of
arterial streets in consideration of their adjacent land use
patterns (especially commercial and apartment ribbons and
streets surrounding district and regional shopping centres),
an index of pedestrian accident density was developed. This is
expressed as the number of accidents per 10,000 daily vehicles
(an average weekday) per 100 metres. Such an index can control
the effects of the variations in traffic volume on different
sections of arterial streets, thereby isolating the safety

implications of the adjacent land use features.

4.3 Data Sources

Three broad types of information vere used to carry out
the research plan. The first is pedestrian accident records
used as safety indicators; the second is demographic data used
for the calculation of pedestrian accident rates for indivia-
ual neighbourhoods; and the third is environmental information
used to identify different types of neighbourhoods for the
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thesis research, and to interpret the associations between the
incidence of pedestrian accidents and the various features of
environmental configuration. This section describes all the

data sources.

4.3.1 Pedestrian Accident Records

safety in residential areas: the number of real accidents; the
number of near accidents; and the perception of danger on
streets (OECD, 1979). The first set can be called hard data
third can be <called soft data, since there are no formal
records for them. Hard data form the basic indicators of road
safety. As Marks (1957:325) remarked, "The principal symptom
of poor design is the history of excessive traffic accidents".
If soft data are available, they can help explain safety

problems, but they are very difficult to collect. Hence, only

Pedestrian accident data for Edmonton are kept by two
civic departments: the Police Department and the Transporta-
tion Department. The most important difference between them is
that the police records contain the names and addresses of the
pedestrians and drivers involved in the accidents; the
Transportation Department’s records do not include this
confidential information and so are accessible to the public.

For this reason, only the records kept by Edmonton Transporta-
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tion were used for the thesis research.

The original database contains 3,804 pedestrian accident
records for the pericd 1982-1990; all happened on public
streets and caused either bodily injury or death for the

pedestrians involved. (There are no records for those acci-

includes 21 variables (see Table 4.4), covering the following
types of information:
——location of the accident by street and avenue

——date and time of the accident

Table 4.4
Variables in the pedestrian accident

rcocords for Bdmonton

1. report number

2. location by street and avenue

3. avenue/street portion

4. time of day

5. day of week

6. date and month

7. property damage

8. surface condition

9. driver’s age

10. driver’s sex

11. driver'’s pre-accident manceuvre (movement)
12. driver’s human action (response to the operation)
13. driver’s travel direction ,
14. the driving lane the driver was in

15. pedestrian’s age

16. pedestrian’s sex )

17. pedestrian’s pre-accident manosuvre

18. pedestrian’s human action

19. pedestrian’s travel direction
20. accident class (severity of injuries)
traffic control B
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~——age and sex of the pedestrian/driver involved in the

accident

——traffic control measures at the accident location

——pre-accident manosuvres and human actions of both the

pedestrian and the driver

——surface condition of the road when the accident

occurred

——severity of injuries and property damage.

As can be seen, the database is rich in information for
the thesis research. For example, the variable "location by
street and avenue" was used to map the spatial patterns of
accidents; variable 3, "avenue/street portion", was used to
determine if an accident happened at an intersection or in
mid-block; variables for time, day, date and month allowed
temporal and seasonal patterns of pedestrian accidents to be
generated; and "pedestrian’s age" facilitated the calculation
of accident rates for different age groups. On the other hand,
this database does not specify the types of neighbourhoods,
streets and intersections where each accident happened. This
is key information for thesis purposes, so four new variables
were generated for each pedestrian accident record:

(1) the type of neighbourhood in which the accident

to the neighbourhoods to the right according to the
driver’s travel direction)

(2) the type of street on which the accident occurred
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occurred
(4) the UTM coordinates for each accident location (for
computer-aided mapping).
The new variables were obtained by first plotting all the
pedestrian accidents on a large-scale map with neighbourhood
boundaries and street patterns, according to streest/avenue
locations, then identifying the associated neighbourhood and
street/intersection types for each pedestrian accident, and

digitizing all the accidents by their locations.

census data. In the study period, the City of Edmonton
conducted censuses in 1982, 1983, 1986, 1987, 1989 and 1990.
The data are summarized at three scales (census tract,
subtract and enumeration area) and are broken down for five-
year-age groups (0-4, 5-9, 10-14, 15-19, etc.). The summaries
for enumeration areas are the most useful for the thesis
purpose. Since neighbourhood boundaries coincid. with enumer-
ation area boundaries, it is possible to calculate neighbour-
hood populations by aggregating the appropriate enumeration
areas. In addition, in consideration of the fact that the
study period covers nine years and the demographic profiles of

151



individual neighbourhoods might change considerably over that

time, average neighbourhood populations for the study period

These divide the study period with minimum intervals, so the
averages derived from them should be close to the true
populations of the study neighbourhoods for the study period,
bearing in mind that censuses were not conducted in 1984, 1985

and 1988.

4.3.3 Environmental Information
Environmental information was derived from maps, air-
photos, documents produced by different civic departments of
the City of Edmonton, and fieldwork.
1. Neighbourhood Fact Sheets
All 153 neighbourhoods are covered by neighbourhood fact
sheets, which Edmonton’s Planning and Development Department
first prepared in 1983 and began to update in 1987. They were
used mainly as the basis for classifying the study neighbour-
hoods. Of greatest importance, each fact sheet includes a map
showing current land use and the physical configuration of
streets, blocks and footpaths (where they occur). Unfortu-
nately, however, the maps vere not produced on a uniform scale
and their scales are not indicated. Consequently, they were
not suitable for the generation of such environmental vari-
ables as street density, intersection density and footpath

density.
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2. Neighbourhood Boundary Map
This map at the scale of 1:30,000 was produced by the

Planning and Development Department in 1986. It shows street
networks, and divides the residential areas of Edmonton into
173 individual neighbourhoods. The neighbourhood boundaries
are exactly the same as those used for the neighbourhood fact
sheets, so this map could be used to identify the basic units
for classifying residential environments. Most importantly for
thesis purposes, the following environmental variables were
generated from this map:

(1) total area of each neighbourhood

(2) total length of streets in each neighbourhood

(3) total number of intersections in each neighbourhood

(4) total number of entrances/exits for each neighbour-

hood.
These variables vere used to create indices for the correla-
tion analyses and for the analysis of variance.
3. Adirphotos

Edmonton Public Works takes airphotos of the Edmonton
area every two years. The most useful ones are at 1:5000 scale
because streets, driving lanes, footpaths, blocks, buildings,
and open spaces are clearly visible and distinguishable. These
photos were used for the interpretation of pedestrian accident
patterns in relation to adjacent environmental features, as
well as for the measurement of the total length of separated
footpaths in each of the type 4 neighbourhoods.

133



4. Transportation Systea Map
This map was produced by the Transportation Department as

Appendix "A" to Transportation System Bylaw Number 9368 of the
City of Edmonton, in which the official designation of
arterial streets, collector streets and residential access
streets is represented. This designation was used without
thesis purposes.

$. Traffic Flow MNaps
for Edmonton every year. Although these maps show the average
weekday traffic volumes on designated arterial streets only,
they still provide useful information for the thesis study.
They were used in the interpretation of the spatial patterns
of pedestrian accident distribution, especially on neighbour-
hood boundary streets.

6é. Digital Data Files of Transportation Network and
Neighbourhood Boundaries

The digital data file of Edmonton’s transportation
network was prepared by the Public Works Department. The
digital file of neighbourhood boundaries was generated by the
Planning and Development Department. Both files were used with
the pedestrian accident records to generate pedestrian

7. Fieldwork

Fieldwork was conducted in the neighbourhoods with

relatively high accident rates, to observe those local



snvironmental features that are not shown on land use maps and
cannot be seen clearly on airphotos, but have effects on
pedestrian safety. These include: (1) street form (i.e. with
or without reversed frontage); (2) form of sidevalks (with or
without planting buffers); and (3) availability and type of
pedestrian facilities around major pedestrian generators (such
as shopping centres and schools). In addition, limited
observations of actual pedestrian behaviour were made at a few
locations where obvious accident clusters stand out on

pedestrian accident distribution maps. The purpose of the

observations was to find out if pedestrians (especially

children) who are crossing streets actually use the facilities
that have been provided. These observations were useful for
explaining the accident patterns at these specific locations,
but general conclusions about pedestrian behaviour may not be
valid because the observations were not conducted with a

systematic procedure.



In this chapter some general characteristics of pedes-
trian accidents in Edmonton are extracted from the data base
provided by the City Transportation Department. Specifically,
the following are analysed: (1) spatial patterns of pedestrian
accidents within Edmonton; (2) pedestrian accident distribu-
tion in relation to different population groups; (3) temporal
and seasonal patterns of pedestrian accidents; and (4) charac-

teristics of pedestrian accidents in relation to traftic

establish that the research problem is well-founded and that
there is evidence to substantiate the need for the investiga-
tion as it wvas envisaged in Chapter 4. Individually, the
separate analyses were designed with the following ends in
view. Pirst, to demonstrate that pedestrian accidents are a
salient problea in Edmonton’s residential aresas and that the
study of residential planning and design for pedestrian safety
is therefore pertinent. Second, to generate local evidence
that children and elderly people are particularly vulnerable
to pedestrian accidents (as revealed by studies done in
European and other North American cities) and should receive
special attention in the thesis study. The anmalysis should
also indicate whether most pedestrian accidents involving
school-aged children wers likely to be related to their school
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trips, an assumed problem that planners have long aimed to
overcome through their environmental solutions. Third, to find
if winter-related road conditions, as Hillman and Whalley
(1979) suggested, are a significant factor in pedestrian
accidents in Edmonton, thus reducing the possible importance

particularly relevant to Edmonton, vhere the winter is as long
as 4-5 months, during which time streets are often covered by
snow and ice. PFinally, to determine vhether regulatory
measures are sufficient on their own to resolve the problam of
pedestrian accident risk in residential areas, so rendering

5.1 tial Patterns of Pedestrian Accident Distribution
withia Béaoaton

In the nine-year period, 1982 to 1990, 3804 pedestrian
accidents, including 119 fatalities, were recorded for the
whole of Edmonton by the City’s Transportation Department
(Table 5.1). The annual totals fluctuated around 400, giving

_Table 8.1

Inju:i- 465 370 417 423 381 439 414 428 QD! IGIS
Flﬁglitiil 15 s 10 10 Iﬂ 14 17 El 11 119

Total 429 37& !27 433 39 453 43 452 419 13804



an average of 1.2 accidents per day. More importantly, for
thesis purposes, 80 per cent (or 3034) of the accidents
occurred in areas defined here as residential.

pedestrian accidents. It can be seen that the majority of
those that occurred in non-residential areas are concentrated
in the downtown and Boyle Street districts. This 1is not
surprising. The downtown area hss the city’s highest densities
of both pedestrian and vehicular traffic all year round (Wang,
1988) , while the Boyle Street district contains many ethnic
institutions, as wvell as a large number of iavgquality shops
and services, such as low-rent hotels, thrift stores, pawn-

transients vho are especially prone to pedestrian accidents.
Since this district has experienced a fundamental change from
its original residential function, it is defined as non-

The 3034 pedestrian accidents in residential areas are
widely but unevenly spread over Edmonton’s 173 neighbourhoods.
As Table 5.2 demonstrates, the average vas 18 accidents per
neighbourhood, but the standard deviation is as high as 25,
with the minimum and maximum being 0 and 156 respectively.

residential areas certainly merits closer investigation.
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Table 5.2
summary statistics for the pedestrian accident distridution
in Rdmonton’s residential areas, 1982-1990

Total number of neighbourhoods 173
Average number of accidents 18
Standard deviation 25
Minimum number of accidents 0
Maximum number of accidents 156

5.2 Pedestrian Accident Distribution im Relatioa teo
Different Age Groups

Many studies have found that while accidents happen to
pedestrians of all ages, children and the elderly are particu-
larly vulnerable (see Section 2.2.2 in Chapter 2). This
section demonstrates that this pattern holds true in Edmonton
as wvell.

Figure 5.2 shows the numbers of pedestrian accidents for
the different age groups in Edmonton. While no age group is
immune from pedestrian accidents, the highest numbers of
accidents are associated with the groups from 5 to 24 years.
As age increases, the number of pedestrian accidents generally
decreases, vith the oldest groups accounting for comparatively
small numbers. The number of accidents involving pre-school-
age children is also relatively small.

Since the frequency of pedestrian accidents should be a
function of the number of pecple who walk on streets, and the
different age groups vary considerably in sise, the pedestrian
accident rate, expressed as the number of accidents for each
1,000 people of a particular age group, should provide a
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Table 5.3
Pedestrian accidents for different age groups im relation to
aco 1!:;; Blul-lpVIQQELGB!p”l!lI—I!lQ (i: perceatages)

Ehildr-n B Aﬂultn Eldggly

Type of cause
0-4 5-14 15-19

Pedestrian error 73 57 3 iSﬁir 22

Driver error as 40 51 5s 70
Dthlrl 2 3 10 11 8
Total 100 100 100 100 100

Table 5.4
Pedestrian accidents for different age groups
in relation to pedestrian lntiani prior to the accidents,
Bdmonton, 19!2-1!!0 (1! perceatages)

childrcn Adults Elderly

Action —
0-4 5-14 15319
Crossing street with ROW 21 42 50 54 69
Crossing street without ROW 33 35 27 25 20
Walking on street 3 2 6 6 2
Running onto street 18 12 -] 3 2
Walking on sidewalk 3 1 s 6 4
Emerging from behind autos 20 8 3 3 1
Others/unknown 2 1 4 3 a

* pata Ln this t-hl- are tar th- years 1!13 to 1i§¢ h-aiuic the
variable of Pre-~Accident Pedestrian Manoeuvre in 1982 is not
comparable with subssquent yesars)

children of 0-4, and 35 per cen: of the pedestrian accidents

without Eiq’ht_éaf-iuy-, compared with 27 per cent for the
youngsters of 15-19, 25 per cent for adults and 20 per cent

for elderly people;
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(2) 18 per cent of the pedestrian accidents involving
children of 0-4 and 12 per cent of the pedestrian accidents
involving children of 5-14, were caused by *running onto
roadway”, compared with 5 per cent for the youngsters of 15~
19, 3 per cent for adults and 2 per cent for elderly people;

(3) 20 per cent of the pedestrian accidents involving
children of 0-4 and 8 per cent of the pedestrian accidents
involving children of 5-14, were due to “emerging from
behind/in front of vehicles" (i.e. dart-out), compared with 3
per cent for the youngsters of 15-19, 3 per cent for adults
and 1 per cent for elderly people.

Taken together, these data imply that children of 14 and

children, adults and the elderly, and that regulatory measures
alone would not be sufficient to ensure their safety. Environ-
mental solutions are desirable as well, to limit the situ-
ations where young pedestrians might put themselves at risk.

Although elderly people seem to be the most cautious

Tables 5.3 and 5.4 indicate), there is another piece of
evidence (in addition to their relatively high accident rates)
that reveals that they are nonetheless exposed to special
risk. This is presented in Table 5.5 which demonstrates that
elderly pedestrians have the highest proportion of fatal
accidents, with 9.7 deaths per 100 accidents, or 3 to 9 times
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, ~ Tadble 5.3
Proportion of fatal pedestrian accidents for different

Aé: group Hﬁiﬁcf of deaths

Children
Q“ 3-3
5-14 1.1

15-19 1.8

Adults 3.2

Elderly 9.7

higher than the proportions of fatal accidents for other age
groups. This result alsc matches the finding reported by the
American Automobile Association (1965a), as mentioned in

Chapter 2.

5.3 Temporal and Seasonal Patteras of Pedestrian Accideat
Distribution

Theoretically, the temporal distribution of pedestrian

traffic and pedestrian activities. In terms of vehicular
traffic, the journey to work is the most regular of all
vehicular trips in the city. The highest numbers of work tripe
are generated during the morning and afternoon rush hours
betveen 07:00 and 08:30 hours and between 16:00 and 18:00
hours. Other trips (including shopping and social trips)
usually occur between the peak hours of vork trips. Figure 3.4
shovs the total vehicular trips on an average weekday in
Edmonton, with the highest traffic volumes occurring during
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the afternoon rush hours. There are no data available for the
temporal distribution of pedestrian trips in Edmonton, but it
is reasonable to assume that it resembles the temporal
distribution of vehicular traffic. For example, pedestrian
journeys to and from school and walking trips to and from
work, all being necessary and reqgular trips, mostly take place
in the morning between 08:00 and 09:00 hours, and in the
afternoon from 15:30 to 18:00 hours. Presumably, the temporal
coincidence of vehicular-trip peaks and pedestrian-trip peaks
should intensify the conflicts between pedestrians and
vehicles, and incur a high incidence of pedestrian accidents.

This assumption is explicitly proved by Edmonton’s
pedestrian accident data. Figure 5.5 presents the temporal
distribution of pedestrian accidents for Edmonton. As can be
seen, greater numbers of pedestrian accidents occurred during
morning and afternoon rush hours, especially during the
latter. This pattern is temporally coincident with that of
vehicular trips depicted in Pigure 5.4, and is consistent vith
Hillman and Whalley'’s discovery in their British study (see
Figure 2.3). Another peak of pedestrian accidents ooccurred
during lunch hours.

More importantly, different age groups exhibit distinct
temporal patterns. Pirst, the accident distribution for all
school-aged children (5-19) has three peaks: one is in the
morning between 08:uy and 09:00; another is during lunch time
between 12:00 and 13:00; the third, and highest, is in the
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school-aged children should be on their wvay to or froa school
on weekdays. Two troughs between the three peaks are associ-
ated with the hours when students should be in their class-
rooms.

Second, although the adult accident distribution has
similar peaks and troughs, the curve fluctuates less. The
morning and afternoon peaks might reasonably relate to people
wvho walk to and from their work (or to transit stops as part
of the journey to and from work). The midday peak might be
associated with pedestrian trips for other purposes, such as
social and shopping trips, including those made by employees
on their lunch breaks. The afternoon peak for adult accident
distribution falls about one hour behind the afternoon peak of
the accident distribution for school-aged children, matching
the hours when employed adults should be on their way home
from work. Those accidents that occurred later in the evening
and during the night mostly involved adults.

Third, the temporal distributions of accidents involving
elderly pedestrians and pre-schoolers are rather smooth,
without significant peaks. Most accidents involving elderly
people happened between 09:00 in the morning and 18:00 in the
afternoon. These are the hours vhen most elderly pedestrians
could be expected to make their shopping, social and recre-
ational trips.

The evidence that the incidence of pedestrian accidents
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is consistent with the patterns of vehicular and pedestrian
traffic is supplemented by Figure 3.6, from which it can be
seen that the majority of pedestrian accidents happened on
wveekdays, wvhen most compulsory vehicular and pedestrian trips
are made. Fewver pedestrian accidents occurred on Saturdays and
Sundays.

Some researchers, such as Hillman and Whalley (1979),
suggest that veather is a factor that contributes to the inci-
dence of pedestrian accidents. In other words, there may be
more pedestrian accidents in the winter months than in summer
and poor visibility, creating more haszardous conditions for
drivers and pedestrians alike. In Edmonton, the four seasons
can be broken down as follows: (1) spring: April and May; (2)
summer: from June to August; (3) autumn: September and
October; and (4) winter: from November to March.

Figure 5.7 shows the seasonal pattern of pedestrian
accident distribution for Edmonton. Although thers are more

other winter months (November, January, February, and March)
do not have more pedestrian accidents than the fall months of
September and October. This suggests that winter is not an
especially significant factor in the incidence of pedestrian
accidents in Edmonton. Table 5.6 reveals a similar finding.
puring the study period, only 16 per cent of the total
pedestrian accidents were related to streets covered by snow
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Table $.6
Pedestrian acoidents in relation to atreet surface

Dry Wet Sandy Vicy Unkné;ﬁ Tétii

Number of accidents 2206 585 44 620 349 3804
Parcent of accidents 58 15 1 16 10 100

and ice. Of course, people might walk less in winter months,
given Edmonton’s severe weather conditions.

Another characteristic of the seasonal pattern is the
nearly U-shaped trough over July and August in Figure 5.7 (see
the curve for TOTAL), which is mainly caused by the dramatic
decrease in the number of accidents involving school-aged
children (see the significant depression on the curve for
children between 5 and 19). This may be attributed to the
summer closure of schools, when students no longer walk to
schools regularly on weekdays.

In sum, three general observations can made from the

Edmonton. First, pedestrian accidents indeed rise and fall
temporally in general consonance with the rise and fall of
vehicular journeys and journeys on foot, as Hillman and
Whalley (1979) observed in their study in the United Kingdom.
This means that there is a strong tendency for pedestrian
accidents to occur at times wvhen both vehicular and pedestrian
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between them is great. This requires conscious manipulation of
the built environment to spatially separate the two kinds of
traffic as much as possible, so reducing the potential for
conflict. Second, it seems that most pedestrian accidents
involving school-aged children were likely to be related to
their school journeys. This suggests that in addition to their
veak sense of traffic rules, children are particularly
vulnerable to pedestrian accidents because many of them have
to make regular walking trips to and from school five days a
week and ten months a year. Third, there is reasonable
evidence from Edmonton’s data that winter-related road
conditions are not a significant factor in pedestrian acci-
dents; Hillman and Whalley’s interpretation is therefore
called into question in the Edmonton situation.

S.4 Characteristics of Pedestrian Accidents in Relation teo
Traffic Control Measures

Since most pedestrian accidents occur when pedestrians
cross streets, crosswalks are regarded as critical facilities
for the enhancement of pedestrian safety. Physically, there
are two broad types of crossvalks: grade-separated crossvalks
and at-grade crosswvalks. Grade-separated crosswalks, if used,
should be absolutely safe from accidents because they com-
pletely separate pedestrians from vehicles. In the residential
areas of Fdmonton, however, grade-separated crosswalks are
very rare. At-grade crossings are the norm, and these,
strictly speaking, are not design features. They are simply
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carrying heavy traffic) at wmid-block locations where no
traffic control devices are in operation to regulate vehicular
movement and ensure pedestrian right-of-way. The remaining 54
per cent (or 1636) happened at locations wvhere different forms
of traffic control were in operation, in the following
proportions:

signal lights: 20 per cent

stop signs: 14 per cent

marked crosswvalks: 10 per cent

pedestrian flashers: 5 per cent

pedestrian activated lights: 2 per cent

yield signs: 2 per cent

police/flagmen: O per cent

others: 1 per cent
The above figures cannot be compared directly to judge the
relative safety effects of different traffic control devices
for two reasons. First, the numbers of devices of different
types are unknown. This makes it impossible to calculate the
ratio between the number of pedestrian accidents and that of
devices for each form of traffic control, which should be a
better comparative indicator. Second, traffic situations are
control. For example, signal lights are mostly installed at
busy intersections, but stop signs usually suffice at quieter
locations. As Herms (1972) acknowledged, one of the diffi-
culties encountered when conducting a comparative study is the
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problem of maintaining equivalent conditions.

Nevertheless, two conclusions can be drawn from the above
data. First, jaywalking is an important cause of pedestrian
accidents, accounting for 46 per cent of the total pedestrian
accidents in the residential areas of Edmonton. S8ince the
locations selected for traffic control devices must balance
two needs at the same time, efficient flow of vehicular
traffic and pedestrian safety, Closely-spaced crosswalks are
undesirable, especially on heavily trafficked streats whose
main function is to channel traffic at relatively high speed.
As a result, pedestrians who are reluctant to go out of their
vay for a traffic-controlled crosswalk are likely to cross
streets at uncontrolled locations. Hill (1984) described the
decision to cross a street as a "micro-decision®, in which
pedestrians should, in theory, calculate the risks and
benefits of their actions. Because the "legal trajectory®
(controlled cross-valks) available to the pedestrian is
frequently incongruent with the "free trajectory"” (direct,
least-effort line), the "free trajectory®” is likely to be
chosen if it saves time and effort.

Second, while various forms of traffic control at

intersections and mid-block crosswalks are necessary pedes-

for specific time periods and at specific locations), their
1imitations must be recognized so as not to rely on theam too
such as solutions to pedestrian safety. PFor instance, at
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signal light-controlled intersections (mostly busy intersec~-
tions), pedestrians crossing streets on green lights are still
often in conflict with turning vehicles, as described in
Section 2.3.1. At pedestrian flasher-controlled crosswalks,
impatient drivers are often observed to run through flashing
amber lights utilizing small gaps in a pedestrian platoon,
because flashers only advise drivers to yield to pedestrians,
they do not force them to stop. This may be one explanation
why in Edmonto: more pedestrian accidents are associated with
pedestrian flashers than with pedestrian activated lights. As
to marked crosswalks, Fee (1977:450) made the following
observation: “"Fauvement marking alone appears to be too subtle
for the motoring public and as a result many vehicles pass
through the pedestrian zone [i.e. crosswalk] without stopping

or yielding".

S.5 Implications

The above characteristics of pedestrian accidents in
Edmonton have four critical implications for the research
problem. First, they indicate that the majority of pedestrian
accidents in Edmonton happened in its residential areas; the
study of residential planning and design for pedestrian safety
is therefore pertinent and important. Noreover, pedestrian
accidents were unevenly distributed amonqg Edmonton’s neigh-
bourhoods; differences in the form of the built environment
thus need to be analysed to determine if they can be called on
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account for the evident differences in pedestrian safety
records. Second, school-aged children and elderly people are
indeed more vulnerable to pedestrian accidents than other age
groups in Edmonton, and should be given particular attention
when various environmental configurations are evaluated. In
addition, since pedestrian accidents involving school-aged
children were likely to be related to their school trips, the
spatial organization of schools in relation to their potential
service areas and transportation facilities should be con-
sidered when pedestrian accident patterns are interpreted at
the neighbourhood level. Third, winter-related road conditions
are not a particularly significant factor in pedestrian
accidents in Edmonton; in other words, they should not
diminish the importance of the built environmen” in accounting
for the incidence of pedestrian accidents in Edmonton’s
residential areas. Pinally, regulatory measures do not seem
entirely safe on thiir own for pedestrians. Since they do not
physically prevent casual drivers and pedestrians from
violating traffic rules, their use cannot be relied on over
environmental solutions to ensure the safety of pedestrians,
especially young pedestrians wvho have a veak sense of traftic
rules and often show irresponsible walking behaviour (i.e.
make pedestrian errors). Through appropriate environmental
contiguration, however, it should be possible to reducs the
opportunities for jaywalking and to minimize the need for
costly and disruptive regulatory devices.
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In general, these conclusions confirm the validity of the
research problem; there is nothing in them that requires any

of the research hypotheses to be altered.

181



MEAM PEDESTRIAN ACCIDENT RATES IN DIFFERENT TYPES
OF NEIGHBOURHOODS

Beginning in this chapter, and continuing through t*-
next two, analyses related to the research hypotheses ab- °*
the role of the built environment in the incidence of pede-

trian accidents will be conducted. As the first step in the

series, and arising directly from the first research objec-

different types of environmental configuration. In the first
two sections of the chapter (6.1 and 6.2), the hypotheses
relating to general neighbourhood forms are tested by compar-
ing and ranking mean pedestrian accident rates among Edmon-
ton’s five types of neighbourhoods. The findings are then
interpreted in Section 6.3 and some implications for the
subsequent analyses are drawn out.

The hypotheses to be tested are restated as follows:

1. Unplanned (or grid) neighbourhoods (type 1) have
significantly higher mean pedestrian accident rates than
planned neighbourhoods in general.

2. As a transitional or partially planned type, modified-
grid neighbourhoods (type 2) have mean accident rates lower
than grid neighbourhoods but higher than all forms of planned
neighbourhoods.

3. Of the planned neighbourhoods of various types, the
independently designed units (type 3) have significantly
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higher mean pedestrian accident rates than those that are
hierarchically organized (types 4 and 5).

4. Among the hierarchically organized neighbourhoods,
those of modified Radburn form with separate footpaths (type
4) have lower mean pedestrian accident rates than the cluster-
plan neighbourhoods without separate footpaths (type 5).

5. Neighbourhoods consisting of a mix of superblocks and
cluster blocks (types 4 and 5) have lover mean intra-neigh-
bourhood pedestrian accident rates than those composed of
conventional blocks (types 1, 2 and 3), with the modifijed
Radburns with separate footpaths having the lowest mean rate
of all.

As explained in Section 4.2.3, two types of pedestrian
accident rates are used in the hypothesized comparisons: gross
accident rates and intra-neighbourhood accident rates. The
first is used to test hypotheses 1-4; the second for hypoth-
esis 5 only. In each case, the comparisons are conducted first
for total neighbourhood population and then for the five age
groups defined in Section 4.2.2. The general object is to
determine whether the hypothesized benefits of the planned
environments apply to all segments of their resident popula-
tions, though the safety of school-age children (5-14 years),
teenagers (15-19 years) and the elderly (65 and over) is of
particular concern since they are the groups known to have the
highest accident rates in Edmonton (Figure 5.3). For all
comparisons, the general hypothesis is:
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R,>%,>R, >R, >R,
where %,, R,, R%,, % and R, represent the xean pedestrian
accident rates for the five neighbourhood categories, respect-

ively.

6.1 Comparisons of Mean Gross Pedestrian Acocident Rates
(Rypotheses 1-4)

Table 6.1 shows the mean gross accident rates for the
total populations of the neighbourhoods in each of the five
types. Arithmetically, the means vary from 11.7 per thousand
population for the grid neighbourhoods to 2.1 and 1.8 for the
modified-Radburn and cluster-plan neighbourhoods, respective-
ly. Neighbourhoods of the grid type also have the highest
standard deviation (7.1), indicating that they vary more in
their pedestrian accident rates than do neighbourhoods of any

other type.

Table 6.1

Mean gross pedestrian accideat rates for total neighbourhood
populations in the five types of neighbourhoods,

!Q:ﬂjtéi. 1982-1990

Neighbourhood Numbers of Mean pedestrian Standard
type neighbourhoods accident rate deviation
1 42 11.7 7.1
2 19 5.9 3.4
3 37 3.8 3.9
4 3 2.1 1.3
5

22 o 1.8 2.0




To test if the differences in mean gross accident rates
are statistically significant, an ANOVA was performed. Table
6.2 shows the statistical hypotheses and F-test result. Since
the computed F-ratio (33.08) is much greater than the critical
F-ratio (2.37), H, is rejected and H, is accepted, meaning that
at least two of the means are significantly different. To find
out which means these are, the analysis then proceeded to the

Two-Sample Difference-of-Means Test.

Table 6.2
Statistical hypotheses and F-test result using gross
pedestrian accident rates for total neighbourhood populations
in the five types of neighbourhoods

Computed | Critical
F-ratio | F-ratio

H,:at least twvo
means are

Table 6.3 presents the series of statistical hypotheses
and the corresponding t-test results. It demonstrates that
all others in terms of mean gross accident rate for total nei-
ghbourhood populations; type 2 (or modified-grid) neighbour-
hoods have the second highest mean accident rate; type 3 (the
independent) neighbourhoods have a mean higher than those of
types 4 and 5, the hierarchically organized neighbourhoods;
but no difference can be determined between the last two.
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Table 6.3 7
Statistical hypotheses and t-test results using gross
pedestrian accident rates for total neighbourhood
populations in the five types of neighbourhoods

Hypotheses | Sig. Df. | Computed | Critical | Decision
__|level t-value | t-value -

Hﬂg i;—!;iﬂ DaﬂOC‘ 59 3-34 l-E‘? Ellet— Hn
l:]lg 7817-22}9 _ — -

H,: %,-R,<0 |0.000 |56 |6.39 1.67 reject H,
| Hi: R,-Ry>0 1 , ,
H;: g]*‘gé“g . ) I

Hy: R,-R,50 0.000 | 52 6.43 1.67 reject H,
Hy: R,-R:>0 I -
H—ﬁiﬂ;fingf@i _ _ — _
Ho; 3322.50 0.000 21 5.83 1.72 ergEt HQ
Hy: R,-R,2>0 , _ 1

Ho: R,-R,s0 |0.000 |28 |4.88 1.70 reject H,
Hy: R;=-R,>0 N R _

Hyo: R,-R,50 0.002 50 2.92 1.68 reject H,
H;: R,=-R,>0 —

Hy: Ry-Ry>0 , , N
Ho: R,-2,50 0.792 32 -0.82 1.70 do not
H,: %;,-8,>0 E‘jggt H,

Hypotheses 1, 2 and 3 were therefore confirmed, but hypothesis
4 was rejected. That is, on average, cluster-plan neighbour-
hoods are just as safe for pedestrians as modified-Radburn
neighbourhoods, and both are significantly safer than indepen-
dent neighbourhood units which, in turn, are safer than
modified-grid neighbourhoods; in general, all four types are



significantly safer than grid neighbourhoods.

The procedure was then repeated for the separate age
groups. However, to avoid the tediousness of describing every
round of ANOVA and the Two-Sample Difference-of-Means Test,
the mean accident rates are summarized in Table 6.4; the
tables showing the F-test and t-test results can be found in
Appendices 1-10. The rest of this section focuses on ranking

the five types of neighbourhoods for each age group.

Table 6.4

age groups in the five types of neighbourhoods

Neighbourhood Mean pedestrian accident rate
type —_— — .

0-4 5-14 15-19 20-64 65 years
years years years years and over

35.2
17.0 ,
10.7 8.9
5 7 pi
2

b0~ B )

The analysis of variance indicates that the mean accident
rates vary statistically among the five types of neighbour-
hoods for every age group. Their actual rankings, as deter-
mined by the Two-Sample Difference-of-Means Test, are
described below.

1. For pre-schoolers (0-4 years), type 1 neighbourhoods
have the highest mean pedestrian accident rate, but no

significant differences can be determined among the other four
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categories.

2. For children 5-14 years old, the established rank is
as follows (from high to low): type 1; type 2; type 3; types
4 and 5. This is exactly the same as the ranking for total
neighbourhood populations.

3. For cnildren of 15-19 years, the ranking is more
complicated. This time, no significant difference can be
determined between type 1 and 2 neighbourhoods, though both
have higher mean pedestrian accident rates than any other
category. Type 3 neighbourhoods have a mean that is statisti-
cally higher than the mean for type 4, but not higher than
type 5. On the other hand, no difference can be determined
between type 4 and 5 neighbourhoods. From this ranking, only
a broad conclusion can be drawn: that is, planned neighbour-
hoods in general are safer than unplanned and partially
planned ones for the 15-19 years age group.

4. With regard to mean adult-pedestrian accident rates,

5. Once again, this is the same ranking as for total neigh-
bourhood population.

5. With respect to elderly people, type 1 neighbourhoods
again have the highest mean pedestrian accident rates and type
2 neighbourhoods have the second highest mean, but there is no
significant difference among types 3, 4 and 5, the various
forms of planned neighbourhoods.

To sum up, hypothesis 1 is proved for all age groups.
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Hypothesis 2 is confirmed for children of 5-14 years, adults
of 20-64 years and the elderly, but not for children of 0-4
and 15-19 years. Hypothesis 3 is accepted for children of 5-14
years and adults, but rejected for other age groups. Hypoth-

agis 4 1

rejected for all age groups.

6.2 Comparisons of Mean Intra-neighbourhood Pedestrian
Accident Rates (Hypothesis 5)

Table 6.5 shows the mean intra-neighbourhood pedestrian
accident rates for total neighbourhood populations in the five
types of neighbourhoods. They range from 4.8 for unplanned
neighbourhoods to 1.1 and 0.8 for fully planned neighbour-
hoods. The analysis of variance (see Table 6.6) indicates that
at least two means in Table 6.5 are statistically different,
and the Two-Sample Difference-of-Means Test (see Table 6.7)
produced the following ranking: type 1; type 2; types 3, 4 and
5. In other words, type 1 neighbourhoods composed of regular

Table 6.5

Mean intra-neighbourhood pedestrian accident rates
for total neighbourhood populations

in the five types of neighbourhoods

H-igﬂbaurhaéd Number of R 3
type neighbourhoods accident rate deviation




Table 6.6
statistical hypotheses and F-test result using intra-

neighbourhood pedestrian accident rates for total meighbour-
,haadria:ulltiani 1n th- tive E] os af nii;hhaurhaaélfﬂf

Hypothesaes ‘ f, | Computed | Critical
] f, | F-ratio | F-ratio
Hg : 21!83-2332‘!25
H;: at least two
means are
diffqr:nt B

Table 6.7

Statistical hypotheses and t-test results using intra-
neighbourhood pedestrian accident rates for total neighbour-
haéd populations in the !iv- E]'ii of nni!hhgu:haaﬂi

Computed | Critical
t-value_ t-value

2.54 1.67

1.67




accident rate, and type 2 neighbourhoods with a mix of regular
and irregular conventional blocks have the second highest, but
no difference can be determined among the three types of fully
planned neighbourhoods. Hypothesis 5 is therefore only
partially accepted. This means that the interior streets of
neighbourhoods with superblocks and cluster blocks (types 4
and 5) are safer on average than those with regular conven-
those neighbourhcods that are characterized by irregular
conventional blocks (type 3). The hypothesized difference
between neighbourhoods of types 4 and 5 is also disproved; on
average, the interior streets of modified Radburn neighbour-
hoods are not safer for pedestrians than those of cluster-plan
neighbourhoods.

The comparison of mean intra-neighbourhood pedestrian
accident rates was then repeated for the five age groups. As
in Section 6.1, only the actual means are shown here (see
Table 6.8). The tables praesenting the F-test and t-test
results are in Appendices 11-19.

The analysis of variance indicates that there is no
statistical variation among the mean intra-neighbourhood

pedestrian accident rates for pre-schoolers (0-4 years), so
hypothesis 5 must be rejected in this instance. Por all other
the same terms as for total population. That is, type 1

neighbourhoods always rank first, and so in general are least
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Table 6.8
Mean intra-neighbourhood pedestrian accident rates
for different age groups in the five types
of neighbourhoods
Neighbourhood
type

Mean Piﬂlltriggiéééidiﬁégélti

o
]
-
L
\H\
F

15-19 20-64 65 and over

NwWwnom | )
[ I RN |

I ]
OO

1 3.9
2 1.1
3 2.8
‘ 2‘0
5 1.6

L L L]
o N

safe in their interiors, but there are no statistical differ-
ences among neighbourhoods of types 3, 4 and 5. The rank of
type 2 neighbourhoods is more variable, but they are never
safer on average than the fully planned neighbourhoods for any
age group. In all cases, then, the significant differences are
between planned and unplanned configurations, and not among
the three block types (irregular conventional block, cluster
block and superblock) that planners have adopted in preference

to regular grid blocks.

6.3 Conclusions

There are clear variations in mean pedestrian accident
rates among the different types of neighbourhoods in Edmonton,
though not exactly as hypothesized. In general, however,
planned neighbourhoods of all types are safer than unplanned

occurred in neighbourhood interiors (i.e. excluding accidents
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on boundary streets). By and large, this generalization also
holds good for each of the five age groups into which the
neighbourhood populations were divided; there are exceptions
but they are of minor importance.

The following more specific conclusions are germane to
the research problem:

1. By almost every measure that was used in the analysis,
grid neighbourhoods constitute the most hazardous type of
residential environment in Edmonton. The only exception was
the mean intra-neighbourhood pedestrian accident rate for
children of 0-4 years, and even then, grid neighbourhoods vere
no safer on average than any other type of neighbourhood.

2. For the most part, as befits their transitional
status, modified-grid neighbourhoods are safer on average than
grid neighbourhoods but not as safe as planned ones of any
type. This does not always hold true for specific age groups
but it is the case for total population whichever accident
rate measure is employed. This conclusion is important because
it indicates that even moderate changes to environmental
configuration can bring real benefits in pedestrian safety.
The modifications that were made to street and block patterns
and to land use arrangements under Edmonton’s replotting
procedure were sufficient to produce significant improvements
in mean pedestrian accident rates.

3. The independent or conventional neighbourhood units
that were the norm in Edmonton from about 1955 to the late
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19608 have a significantly higher mean gross pedestrian
accident rate than either of the types of hierarchically-
organized neighbourhoods that were built subsequently. In
terms of mean intra-neighbourhood accident rates, however, no
significant differences vere found, either for total popula-
tion or for any age group. On average, the interior streets of
all three types of neighbourhoods are equally safe, which
implies that the higher gross accident rates in independent
neighbourhood units are caused by accidents on their boundary
streets. This has already been anticipated in hypothesis 7 and
will be examined more closely in the next chapter.

4. No significant differences, by any measure, were found
between modified-Radburn and cluster-plan neighbourhoods. This
was an unexpected result and it has a most important implica-
tion for the thesis. Given that the characteristic street,
block and land use patterns of these two types of neighbour-
hoods are essentially the same, the significant point of
difference between them, in terms of environmental configur-
ation, is that the modified-Radburn neighbourhoods have
separate footpath networks. The findings reported here
therefore suggest that the separation of pedestrians has no
particular safety advantage over the more traditional accommo-
dation approach, all other things being equal. This possibil-
ity will be examined more directly in Chapter 7, wvhen hypoth-
esis 10 is tested.

5. With respect to the separate age groups, the main
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implications of the analytical results are as follows:

(a) Very young children (0-4 years) have low mean
pedestrian accident rates in neighbourhoods of all types, and
for the most part there are no significant differences among
them. This no doubt reflectu the fact that when young children

relevance to them.

(b) Almost without exception, school-age children (5-14
years) have the highest mean pedestrian accident rates for
every neighbourhood type. The evidence also indicates that
they are particular beneficiaries of the changes in environ-
mental configuration that the different types of neighbour-
hoods represent. Most importantly, neighbourhoods that belong
to hierarchically-organized units are the safest of all, on
average, for this group, though the difference shows up more
strongly for gross pedestrian accident rate than it does for
the intra-neighbourhood rate. This is significant because this
group comprises children of elementary and junior high school
age, many of whom must walk regularly between neighbourhoods
on their journeys to and from school. The analyses in this
chapter suggest that inter-neighbourhood trips are safer for
school-age children in a hierarchical structure than in
independent neighbourhood units.

(¢) The same general conclusion can be applied to the
teenage population group (15-19 year), though the supporting
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evidence is not as strong. §till, it is evident that teenagers
benefit from planned environments in general, which |is
important in itself. Although they are likely to walk less
fregquently than younger children, and experience lower mean
pedestrian accident rates, these rates are relatively high by
Edmonton standards. The indication that they can be reduced
through environmental configuration is therafore significant.

(d) In contrast to the two previous age groups, the large
adult population (20-64 years) has relatively low mean
pedestrian accident rates in neighbourhoods of all types.
safer for this group than unplanned ones. Once again, too, the
difference in accident risk among the types of planned
neighbourhoods appears to be chiefly associated with the
boundary streets of independent neighbourhood units.

(e) Finally, for the elderly (65 years and over), planned
neighbourhoods are, in general, safer than unplanned ones, but
there are no significant differences in mean pedestrian
accident rates among the various types of planned neighbour-
hoods. In particular, the elderly do not appear to benefit
from the special features of modified-Radburn and cluster-plan
neighbourhoods in hierarchical structures. This may reflect
the fact that they do not make frequent inter-neighbourhood
pedestrian trips, unlike school-age children and teenagers,
who are the main beneficiaries of these particular environ-



6. Accident rates vary within every neighbourhood type,
but grid neighbourhoods vary more among themselves than do
neighbourhoods of other types, as indicated by their relative-
ly large standard deviations (Tables 6.1 and 6.5). It is also
noteworthy that modified-grid neighbourhoods and independent
neighbourhood units have larger standard deviations than
hierarchically-organized neighbourhocods for gross accident
again, to the important role of boundary streets and the
possibility that different forms of boundaries have different
effects in the older types of planned neighbourhoods. This has
been anticipated in hypothesis 13 and will be examined in
Chapter 8, along with the effects of other local variations in

environmental configuration.
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In Chapter 6, where the first research objective was
addressed, it was proved that planned neighbourhoods in
Edmonton are safer in general for pedestrians than unplanned
grid neighbourhoods, and that neighbourhoods of the modified-
Radburn and cluster-plan types are, on average, the safest of
all. From this broad conclusion it is logical to proceed to
more detailed analyses, to attempt to determine whether the
relative safety of these different types of neighbourhoods,
including the lack of a measurable difference between the two
hierarchically organized types, can be attributed to specific
variations in the forms of the environmental design elements
with which they are characteristically configured. That is, to
assess the safety effects of the different forms as they have
been employed in Edmonton, and hence gain a better appreci-
ation of their respective influences on the overall safety of
the general neighbourhood forms.

As the first step in meeting this second research
objective, the analyses in Chapter 7 focus on the different
forms of circulation systems, both vehicular and pedestrian.
As explained in Section 4.1.2, there are twvo reasons for this
approach. First, all the accidents that are being analysed
occurred on streets, so it is important to investigate their
relationships with those features of the street environment
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that were identified in Chapter 2 as bearing most directly on
pedestrian safety. Second, Edmonton’s 5 types of neighbour-
hoods are primarily differentiated from one another by their
particular forme and combinations of street patterns and
pedestrian facilities. Of all the design elements these two
should have the most immediate influence on the neighbourhood
rankings that were established in Chapter 6. With this in
mind, Chapter 7 was designed to test the following hypotheses:

6. Pedestrian accident rates are positively correlated
with each of street density, intersection density and the
number of neighbourhood entrances/exits in the study neigh-
bourhoods; for this reason, the rank of mean pedestrian
accident rates matches the ranks of these three strest-related
factors among different types of neighbourhoods.

7. (a) Most pedestrian accidents happen on neighbourhood
boundary streets; (b) in relation to neighbourhord forms, the
boundary streets of unplanned grid neighbourhoods court more
pedestrian accidents than those of planned neighbourhoods, and
cantly higher in the areas laid out as independent neighbour-
hood units than in areas of hierarchical organization.

8. Of the various forms of residential access streets,
culs-de-sac are the safest, and short loops are safer than
straight (grid) streets.

9. Among the various forms of intersections, T-intersec-
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10. Pedestrian accident rates are negatively correlated
with footpath density, especially for school-age children who
are more likely than other age groups to use footpaths to walk

to schools and playgrounds.

Street Density, Intersection Denmsity, and the Number of
Neighbourhood Entrances/Exits (Eypothesis ¢)

Since the results of the correlation analyses will be
used to explain the variations in mean pedestrian accident
rates among the different types of neighbourhoods, it is
pertinent to demonstrate at the outset that the density of
streets, the density of intersections and the number of
entrances/exits also differ by neighbourhood type. Table 7.1
tabulates the means of each of these variables for the five
types of neighbourhoods in Edmonton. Street density is

expressed as the average length of streets (in metres) per 100

Table 7.1
Means of street demsity, intersection density and the number
7732 entrances/exits for the givg types of niigiﬁ;ﬂf@gggjf

Neighbour- Number of Mean street Mean 1 ' Mean number
hood type neighbour- density intersection of entry
hoods

b § 42 14,500 0.57 18.3
2 19 12,600 0.43 12.2
3 37 11,900 0.37 7.0
4 33 10,100 0.32 4.5
5 22 9,800 0.30 4.2

Total 133 11,800 0.40 9.2




hectares; intersection density is expressed as the average
number of intersections per 100 hectares; and the number of
entrances/exits refers to all the points of access from the
boundary streets of a neighbourhood.

Arithmetically, the category means in Table 7.1 vary
among the different types of neighbourhoods and always in the
same order. The following hypothesis can therefore be formu-
lated for all three factors:

R, >R, >R >R,
where %,, R,, R®,, R, and f; represent the mean street density,
or mean intersection density, or the mean number of neighbour-
hood entrances/exits for the five neighbourhood types,
respectively. As in Chapter 6, this hypothesis was tested
of-Means Test. (See Appendices 20-25 for the test results.)

In terms of mean street density, the five types of
neighbourhood are statistically ranked as follows (in descend-
ing order): type 1; types 2 and 3; types 4 and 5. As to mean
intersection density and the mean number of entrances/exits,
the rank is slightly different: type 1; type 2; type 3; typas
4 and 5. In summary, type 1 neighbourhoods (grid subdivisions)
have the highest street density on average, as well as the
highest intersection density and the greatest number of
entry/exit points. Type 2 neighbourhoods are similar to type
3 neighbourhoods in terms of mean street density, but have a
higher mean intersection density and more entry points. Type
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4 and 5 neighbourhoods rank lowest on all three variables, but
in no case is there a significant difference between thenm.

The analysis now shifts to the general (or bivariate)
correlation analysis between the incidence of pedestrian
accidents and the three street-related factors featured in
Table 7.1. All 153 neighbourhoods that were developed before
1982 are included in this analysis.

Table 7.2 summarizes the correlation coefficients. As can
be seen, pedestrian accident rates indeed have positive
correlations with neighbourhood street density (r=0.40), with
intersection density (r=0.51) and with the number of
entrances/exits (r=0.63); in terms of relative importance, the
number of entrances/exits contributes most to pedestrian
accident rates, followed by intersection density and street

density. Hypothesis 6 is therefore confirmed in this respect.

Table 7.2
Matrix of correlation coefficients
pre——————————e— s - - . J

Accident Street Intersection Entry

rate density density points

Accident 1.00 0.40 0.51 0.6)
rate

Street 1.00 0.86 0.65
density

Intersection 1.00 0.73
density

Entry points 1.00
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ince Table 7.2 also demonstrates that the three street-
related variables are highly correlated with each other,
however, it needs to be verified if their relative importance
still holds true when the confounding effects between them are
controlled. This is done through partial correlation analysis,
the results from which are presented in Table 7.3. The
diagonal elements are all displayed as -1.00 to emphasize that

they are irrelevant. The other partial correlation coeffi-

street-related factors remain the same when correlated with
pedestrian accident rates. The only unexpected result is that
the correlation coefficient for street density is reduced from
+0.40 to -0.16, but that does not necessarily mean that street
density is irrelevant to the incidence of pedestrian acci-

dents. Because street density and intersection density are

Table 7.3
Matrix of partial correlation coefficients

Accident Street intiriietiaﬁggiiﬁééiggi
rate density density points
Accident -1.00 =0.16 0.28 0.46
rate
density
Intersection -1.00 0.30
density
Entry points 7 o ) -1.00
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alwvays in consonance with each other in any street network,
the negative coefficient should be interpreted to mean that
high street density contributes to pedestrian accidents mainly
by creating more intersections.

The general implication, based on the positive correla-
tions uncovered in Table 7.2, is that the more entrances/exits
a neighbourhood has, and the higher its density of intersec-
tions and streets, the more likely it is that pedestrian
accidents will occur there. This conclusion can then be used
as the ground to link the rank of mean pedestrian accident

for the five types of neighbourhoods (as revealed in

rate
Chapter 6) to the ranks of the three street-related variables
(as determined earlier in this section). Table 7.4 shows that
the rank of mean gross pedestrian accident rates matches
exactly those of intersection density and the number of
entrances/exits for the five types of neighbourhoods, and

Table 7.4
Ranks of mean pedestrian accident rates, mean street
density, mean intersection density and the mean number
of entrances/exits for the five types of
nnigiboum in Bamoaton

Nei ar= Ranks
gross intra- strest Lnﬁn:ﬂetian nu-hng a!
accident nalighbourhood density density entrances/
rate accident axitcs
rate

1 1 1 1 1 1

2 2 2 2 2 2

3 3 3 2 3 3

4 4 3 3 4 4

$ 4 3 3 4 4
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nearly matches that of street density, the variable that has
the weakest correlation with pedestrian accident rate. The
ranks of mean intra-neighbourhood accident rates and the three
street-related variables match well for unplanned (type 1),
partially planned (type 2) and fully planned (types 3, 4 and
5) neighbourhoods, but not for fully planned neighbourhoods of
different types. The grid (or unplanned) neighbourhoods ranked
first on all three street-related factors; they also have the
highest mean pedestrian accident rates (both gross and intra-
neighbourhood) . Correspondingly, the modified-grid neighbour-
hoods ranked second on the same three factors, and have the
second highest mean pedestrian accident rates. Among the
various forms of fully planned neighbourhoods, types 4 and 5
(hierarchically organized Radburn-type and cluster-plan
neighbourhoods) have fewer entry points, lower intersection
density and lower street density than type 3 (independent
neighbourhood units): they also have lower mean gross pedes-
trian accident rates, though their mean intra-neighbourhood
accident rates are not significantly lower. On the other hand,
there are no statistical differences betveen types 4 and S in
terms of any of the three street-related factors, just as the
analyses in Chapter 6 found no differences between them with
regard to either type of pedestrian accident rate. In this
respect, too, Hypothesis 6 is confirmed.

These findings lead to a significant conclusion: fully
planned neighbourhoods of all forms, but especially the



modified-Radburn and cluster-plan neighbourhoods, provide
safer pedestrian environments because their street density,
their inter-ection density and especially their numbers of
entry points are significantly reduced through conscious
design. These street-related factors may not be the only ones
that contribute to this result, but they certainly play an
important role in reducing overall padestrian accident rates

in planned residential environments.

Streets (Kypotheses 7 and 8)

To reiterate, 3032 pedestrian accidents occurred in
Edmonton’s residential areas during the study period. Table
7.% cross-tabulates these accidents by street type, both in
total and for each of the five types of neighbourhoods. Three

observations can be made in relation to Hypotheses 7 and 8.

Table 7.8
Prequency of Pedestrian accidents in relatiom to
different types of streets in the five neighbourhood types,
'Bdmonton, 1982-1990
(numbers in pareatheses are perceatages)
- !nﬂynﬂ;g}ni -

1 3 s . s Total
Bewndary street 1026 (33) 253 (68) 343 (69) 120 (49) 51 (41) 1693 (34)
Collsster street 638 (30) 73 (20) 70 (20) 108 (44) 34 (43) 943 (33)
Straight eccess street 192 (10) 22 (6) 11 () 0 () 1 (1) 27 (8)
Short loep stroet B(e) 11 ) W (D (O BANH  $ (B
Cul-de-see 9 () 4 (1) 0 () S 4 (D 10 (<D)
Service resd/backlons 38 () 8 (D) 11 (N 1(<) 2 (D 0 (D)
Tetal 1937 (100) 373 (100) 352 (160) 343 (100) 134 (100) 3633 (100)




First, 56 per cent of all the pedestrian accidents in
residential areas happened on neighbourhood boundary streets.
Sixty-one per cent of this set of accidents were in type 1
neighbourhoods alcne, and the accident density on grid
boundary streets was as high as 7.6 accidents per kilometre
(see Table 7.6). Another 15 per cent of the boundary street
accidents occurred in type 2 neighbourhoods (with an average
of 3.5 accidents per kilometre); 14 per cent took place in
type 3 neighbourhoods (2.6 accidents per kilometre):; and only
6 per cent and 3 per cent occurred in type 4 and 5 neighbour-
hoods (with 1.4 and 1.0 accidents per kilometre, respective-
ly). This result demonstrates that the boundary streets of
unplanned neighbourhoods are indeed more hazardous for
pedestrians than those of planned neighbourhoods. It is also
noteworthy that the rank of accident density on boundary

streets for the five neighbourhood types matches the rank of

Table 7.6
Pedestrian accident density om boundary streets of
the fivi typl- a! ﬁlig!bnurhaedl, !i.nltal. l!i!-lllﬂ

Hiighhaurhaad lacid-nt d-n-ity
typs (:Eéid-ntl/k-)
1l 7.6
2 3.5
3 2.6
4 1.4
s 1.0
Ta;;l 3.6
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neighbourhood entrances/exits (Table 7.1), the street-related
factor that has proved to have the strongest correlation with
the incidence of pedestrian accidents. On boundary streets,
where traffic is usually heavy and travel speeds high, more
neighbourhood entrances mean more intersections, more crosswa-
lks, and therefore more points of conflict between pedestrians
and vehicles.

Second, the proportion of pedestrian accidents on
boundary streets is higher in independently designed neigh-
bourhoods (type 3) than in those that are hierarchically
organized (types 4 and 5): about 70 per cent in the former and
less than 50 per cent in the latter. This conforms to the
expectation that in the independent neighbourhood units, which
are rarely self-contained and are mostly bounded by arterial
streets, inter-neighbourhood pedestrian trips are unduly
subject to accident hazards. This problem is exacerbated by
the fact that independent neighbourhood units tend to have
modified-grid neighbourhoods resemble independent neigh-
bourhood units rather than grid neighbourhoods in the propor-
tion of pedestrian accidents on boundary streets. This
indicates that while the modified-grid neighbourhoods were
made generally safer by changing their original grid street
layouts and applying neighbourhood unit principles, they
suffer from the same problems of land use organization and
boundary treatment as full neighbourhood units.
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Third, as to the various forms of access streets,
including service roads and backlanes, there were more
pedestrian accidents on straight access streets (8 per cent of
the total accidents in residential areas) than on any others
(see the "Total" column in Table 7.5). Short-loop streets had
fewer accidents (2 per cent of the total), and culs-de-sac the
fewest (less than 1 per cent of the total accidents in
residential areas). It is also notable that while type 4 and
type 5 neighbourhoods are characterized by similar street
patterns, the proportion of pedestrian accidents on access
streets is lower in the former (7 per cent) than in the latter
type 4 neighbourhoods might help to divert pedestrian trips
from access streets, so reducing pedestrian-vehicle conflicts,
a possibility that is addressed in Section 7.4.

Taken together, these observations confirm Hypotheses 7

and 8 without qualification.

7.3 Relations between Pedestrian Accidents and Intersections
(Kypothesis 9)

In the residential areas of Edmonton, four distinctive
forms of intersections can be identified. Their distribution
by neighbourhood category is shown in Table 7.7. The cross-
intersection is the dominant form in unplanned residential
areas (type 1 neighbourhoods), whereas T-intersections are the
most common form in planned neighbourhoods (types 3, 4 and 35),
and even in modified-grid neighbourhoods. Acute-intersections
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Table 7.7
Distribution of different forms of intersections in
the five types of neighbourhoods (in percentages)
PR ]

Neighbourhood type

1 2 3 4 5 Total
Cross-intersection 65 34 21 23 22 40
T-intersection 27 56 73 77 78 54
Acute~intersection 8 10 6 0 1 6
Traffic circle <1 0 <1 0 0 <1
Total 100 100 100 100 100 100

.

are mostly found in inner-city areas where regular grid
streets were interrupted by former irregular trails (such as
University Avenue, Fort Road, St Albert Trail and Stony Plain
Road) or where the street layout was dictated by local terrain
features, such as rivers and ravines. Traffic circles are a
rare form of intersection; only 8 were counted in Edmonton’s
residential areas, all of them on busy boundary streets.

In the study period (1982-1990), 1676 pedestrian acci-
dents were recorded as having happened at intersections in
residential areas, accounting for 55 per cent of all the
residential accidents. They are tabulated in Table 7.8 in
relation to the various forms of intersections as well as to
the five types of neighbourhoods. This reveals that 69 per
cent of the total set of accidents were at cross-intersec-
tions, which account for only 40 per cent of all intersections
in residential areas (see the "Total®™ column in Table 7.7). By
contrast, 23 per cent of the pedestrian accidents took place

210



Table 7.8
Pedestrian accidents in relation to different forms of
intersections in the five types of neighbourhoods
(in pn:elnthgi)

1 2 3 4 5 Total
CEa:sﬁintirﬁactian 77 46 55 47 49 69
T*intggsnctian 14 42 k) 53 49 23
Acute-intersection 7 11 1 0 2 6
Traffic circle 2 1 6 0 0 2
Total 100 100 100 100 IGD 100
E — ______ ___ ___ .

at T-intersections, which account for 54 per cent of all

occurred at acute-intersections and traffic circles, which
account for 6 and 0.1 per cent of the total intersections
respectively.

For a clearer picture, relations between pedestrian
accidents and the various forms of intersections are expressed
with another variable, viz. the ratio between the number of
intersections of a particular kind and the number of pedes-
trian accidents associated with that particular type of
intersection. Because of the small number of traffic circles,
they were excluded from the comparison. The results in Table
7.9 show that cross-intersections and acute-intersections
indeed have more pedestrian accidents per intersection (4.3
and 2.6 times higher) than do T-intersections. Obviously,
then, Hypothesis 9 is accepted, meaning that T-intersections
are generally the safest for pedestrians, as planners assume.
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Table 7.9
Ratio between numbers of intersections of 4ifferent forms
and numbers of pedestrian accideants, Edmonton, 1982-1990
e

Form of Ratio between numbers of
intersection intersections of different
forms and numbers of accident
Cross-intersection 1:0.43
T-intersection 1:0.10
Acute-intersection 1:0.26

PR o - -

Further evidence about the relative safety effects of
cross- and T-intersections, the two most common forms of
intersections in residential areas, is provided in Figure 7.1.
The point to note is that the percentage of pedestrian
accidents at cross-intersections is consistently higher than
the proportion of cross-intersections in all five types of
neighbourhoods, whereas the percentage of accidents at T-
intersections is consistently lower. This indicates that
cross-intersections indeed court more pedestrian accidents
than T-intersections, regardless of neighbourhood configur-
ation. The more cross-intersections there are in any neigh-
bourhood, of whatever type, the greater the likelihood of

pedestrian accidents.

7.4 Associations between Pedestrian Accidents and Footpath
Networks in Type ¢ ¥eighbourhoods (Eypothesis 10)

In theory, there should be a negative correlation betwveen
pedestrian accident rate and footpath density. Because
footpaths separate pedestrians from streets, the more foot-

paths that are provided, the fewer pedestrians who should walk
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along or across streets, thus reducing the potential for
conflict between pedestrians and vehicles. To this point in
the thesis, however, contradictory interpretations have
emerged. First, in chapter 6, it was found that there was no
significant difference in mean pedestrian accident rates
between modified-Radburn neighbourhoods and cluster-plan
neighbourhoods. Since their only environmental difference is
that the former have separate footpath networks whereas the
latter do not, doubt is cast upon the safety advantages of
separate footpaths. Against this, in Section 7.2, it wvas
suggested that separate footpaths, because they divert
pedestrians from the street network, might explain why the
proportions of accidents on access streets are lower in
modified-Radburn neighbourhoods than in cluster-plan neigh-
bourhoods. Testing Hypothesis 10 should clarify this issue.
As the first part of the investigation into the safety
effects of separate footpaths, a correlation analysis between
footpath density (metres of footpaths per hectare) and
pedestrian accident rates in modified-Radburn neighbourhoods
was performed. The investigation was limited in this way for
the obvious reason that separate footpaths are not character-
istic of any other neighbourhood type. The analysis was
conducted for total population and for the regular five age
groups. The expectation here was that separate footpaths
should at least help to reduce the accident rates of school-
age children, if not the population as a vwvhole, because
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footpaths in Edmonton most often link dwelling clusters to
parks, playgrounds and schools, and children are more likely
than other age groups to use them to walk to their most
frequented destinations.

Before examining the correlations, it is necessary to
establish that footpath density does vary among the 33
neighbourhoods of type 4. In fact, it varies substantially, as
Table 7.10 demonstrates. The range in density is from 8 to 58
metres per hectare and the standard deviation is 11 metres per
hectare. If, as hypothesized, the pedestrian accident rates of
these 33 neighbourhoods are negatively correlated with
footpath density, the data in Table 7.10 raise the further
possibility that the expected difference in mean pedestrian
accident rates between type 4 and type 5 neighbourhoods may
have been blurred by those type 4 neighbourhoods that have a
low footpath density, and so most nearly resemble those in
type 5.

Table 7.11 summarizes the results of the correlation
analysis for all five age groups and for total neighbourhood

populations. The only negative correlation occurs for the age

Table 7.10
summary statistios for Footpath Demsity

Number éf ﬁiighb@urhagdi 33
Average footpath density 23 (m/ha)
Standard deviation 11 (m/ha)




Table 7.11

summary results of the correlation analysis between
footpath density and pedestrian acoident rates

for different age groups

m) :arf:i;;ian Probability
neighbourhoods coefficients

0-4 33 =0.07 0.704
5=14 33 0.25 0.160
15-19 33 0.39 0.030
20-64 33 0.36 0.040
65+ 33 0.05 0.760

Total 33 0.47 0.010

significance The correlations for other age groups are all
positive and so contradict the research hypothesis. As a
result, Hypothesis 10 is rejected completely. This indicates
that neighbourhoods with relatively high footpath densities,
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finding from Hypothesis 4 that modified-Radburn neighbourhoods
are not safer on average than cluster-plan neighbourhoods for
any age group. Conversely, it offers no support for the
suggestion that the previous finding might be attributed to
the low footpath density of some of the modified-Radburn
neighbourhoods. Nor does it help to explain the apparently
greater safety of access streets in type 4 neighbourhoods in
general; that is more likely to have been a spurious inference
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given the low frequency of pedestrian accidents on access
streets in planned neighbourhoods of all types (see Table 7.5)

One possible explanation for the unexpected result given
by the correlation analysis is that because footpaths in
Edmonton cross streets at grade, in contrast to the grade-
separated crossings of the original Radburn concept, they
create more "intersections", or conflict points, on boundary
and collector streets. The locations of all 235 pedestrian
accidents in type 4 neighbcurhoods were therefore examined on
air photos. In fact, only 27 of them (11 per cent) were found
to have occurred near the junctions of footpaths and streets;
among the rest, 85 (36 per cent) vere at street intersections,
and 127 (53 per cent) were at other mid-block locations (other
than in the vicinity of the junctions of footpaths and
streets). It can therefore be concluded that grade crossings
do not account for the fact that mean pedestrian accident
rates in modified-Radburn neighbourhoods are not significantly
lower than those in cluster-plan neighbourhoods. The mnore
likely explanation, considering where on the street most
accidents in type 4 neighbourhoods occur, is to be found in
the typical design of Edmonton’s footpath networks. Unlike the
true Radburn form, vhere all blocks are superblocks and it is
deliberately made difficult for pedestrians to have access to
streets, people walking in Edmonton’s modified-Radburn
neighbourhoods can more readily choose routes that follow and
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7.5 Conclusions

In this chapter, relations between the incidence of
pedestrian accidents and various aspects of street patterns
and footpath networks were investigated. Since these two
both vahicles and pedestrians, are the most explicit differen-
tiating factors of environmental configuration, the findings
reported here go a long way towards explaining the variations
in overall pedestrian safety among the five types of neigh-
bourhoods in Edmonton.

Most generally, as the chapter clearly reveals, strest
pattern is an environmental design element that has major
implications for pedestrian safety. First of all, pedestrian
accident rates are positively correlated with street density,
intersection density and especially the number of neighbour-
hood entrances/exits. For this reason, it can be concluded
that the fact that unplanned grid@ neighbourhoods recorded the
highest rankings for all three factors is largely responsible
for their high mean pedestrian accident rates, which make them
the most hazardous type of residential environment for
pedestrians in Edmonton. Equally, the relatively low mean
pedestrian accident rates of the planned neighbourhoods, and
especially the modified-Radburn and cluster-plan neighbour-
hoods with superblocks and cluster blocks, can be attributed
in large degree to their low strest density, low intersection
density and limited numbers of entrances/exits. This indicates
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that Edmonton’s planners have achieved a great deal in
creating safer residential environments for pedestrians by
deliberately reducing the levels of all three variables
through their design policies. Even the moderate reduction
achieved under Edmonton’s replotting schemes in the early
19508 made the modified-grid neighbourhoods generally safer
than the pure grid neighbourhoods, both on boundary streets
and in neighbourhood interiors.

Reducing the number of neighbourhood entrances/exits is
especially significant for minimizing pedestrian accident
rates. On boundary streets where most pedestrian accidents
occur, fewer neighbourhood entrances/exits mean fewer inter-
sections, which makes traffic control easier and inter-
neighbourhood pedestrian trips safer. This partially explains
why accident density on boundary streets is much lower for
planned neighbourhoods than for unplanned ones, and why the
modified-Radburn and cluster-plan neighbourhoods, which have
the fevest entry points, have the lowest densities of all.

At the same time, it is not expected that number of
intersections (or neighbourhood entrances/exits) is the only
environmental factor that accounts for the high incidence of
pedestrian ac: dents on boundary streets; adjacent land use
features and , *“terns of inter-neighbourhood organization are
likely to contribute to this outcome as well. In the first
case, for example, the high accident density on the boundary
streets of grid neighbourhoods could be expected to be related

219



as well to the commercial ribbons and apartment strips that
are sometimes located along them, a possibility that will be
investigated in Chapter 8. In the second case, the fact that
the proportion of pedestrian accidents on boundary streets is
much higher for the independent neighbourhood units than for
those of hierarchical organization might be attributed to
differences in their inter-neighbourhood organization and
community configuration. Independent neighbourhood units,
which are rarely if ever self-contained, are usually separated
by arterial streets from the adjacent neighbourhoods with
which they share service facilities; inter-neighbourhood
pedestrian trips are therefore at great accident risk on their
boundary streets. In the areas of hierarchical organization,
by contrast, boundary streets within communities are “collect-
orized", designed to carry intra-community traffic only:; those
circumscribing communities and carrying city=- or district-wide
traffic are highly insulated, with reversed peripheral houses.

In addition to the positive influences of low street
density, low intersection density and limited numbers of
entrances/exits, the relatively 1low intra-neighbourhood
pedestrian accident rates in Edmonton’s planned neighbourhoods
in general can be attributed to their frequent use of loop
streets, culs-de-sac and T-intersections. This is evidenced by
the analytical results that culs-de-sac and short loops both
have fewer pedestrian accidents than straight access streets,
with culs-de-sac being the safest of all; and that T-intersec-



tions court fewer pedestrian accidents than either cross- or
acute-intersections. In contrast, grid neighbourhoods are
characterized by straight access streets and cross-intersec-
tions, the least safe forms of both features; accordingly,
they have the highest mean intra-neighbourhood pedestrian
accident rates of all.

Finally, contrary to a longstanding belief of urban
planners, separate footpath networks do not make a significant
contribution to the reduction of the overall pedestrian
accident rates in the Edmonton neighbourhoods where they are
provided. In other words, while both modified-Radburn and
cluster-plan neighbourhoods are very safe by Edmonton stan-
dards, planners achieved little if any extra advantage by
providing extensive footpath networks in the former. As was
mentioned in Section 7.4, this may have resulted from the way
the original Radburn concept was modified in Edmonton.
Nonetheless, it leads to the conclusion that street patterns
have much stronger influences on the incidence of pedestrian
accidents than footpath networks, and controlling or
channelling vehicular traffic is more effective than attempt-
ing to move pedestrians from street environments for the sake

of their safety.
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CEAPTER &
PEDESTRIAN ACCIDENTS AND LOCAL BNVIROCMMENTAL COMNFIGURATION

The preceding chapter examined the associations between
pedestrian accidents and various features of street patterns
and pedestrian networks. This demonstrated that the former at
least are correlated with differences in mean pedestrian
accident rates, .tron which it can be inferred that they
explain much of the relative safety of the various neighbour-
hood types as determined in Chapter 6. However, the analyses
in Chapter 7 excluded any consideration of land use patterns,
another critical deaign element which is known to vary
considerably among neighbourhoods of all types in Edmonton.
This is important since the comparisons presented in both
Chapcer 6 and Chapter 7 were based on averages and generalized
data for the different neighbourhood categories. They there-
fore concealed the effects of local variations in environ-
mental configuration which =might explain unusually high
occurrences of accidents in certain neighbourhoods. As wvas
described in Chapter 3, Edmonton’s neighbourhoods exhibit
variations in their detailed forms, especially in terms of the
local land use arrangements that might be expected to influ-
ence pedestrian movement patterns, both within and between
neighbourhoods. It was also revealed in Table 6.1 that the
standard deviations of gross pedestrian accident rates largely
conforam to the ranking of the 5 neighbourhood types, indicat-

ing that type 1 or grid neighbourhoods show the greatest
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within-category variation and type 4 and 5 neighbourhoods the
least. The within-category variations were in fact ignored in
the analysis of variance in Chapter 6. To complete the
analysis of environmental factors in the incidence of pedes-
trian accidents, then, it is necessary to examine the detailed
features are associated with relatively high accident rates at
the neighbourhood level and (2) whether these same features
can explain some of the between-category variations, even it
they do not occur in all neighbourhoods of their types. These
objectives require that neighbourhoods of different types be
cluster-plan neighbourhoods. In view of the fact that no
significant differences were found between them in terms of
their street-related features and mean pedestrian accident
rates, they are treated together here.

Specifically, this chapter examines all the research
hypotheses that relate to the pedestrian safety effects of
local environmental configuration. As vas explained in Section
4.1.3, these hypotheses were formulated mainly on the basis of
a preliminary examination of the maps of pedestrian accident
distribution produced for the thesis research, from wvhich the
folloving relations between the incidence of pedestrian
accidents and local features of environmental configuration
wvere proposed for substantiation:

11. (a) Grid neighbourhoods that are adjacent to commer-



cial ribbons have higher pedestrian accident rates than those
that are not; (b) grid neighbourhoods that are adjacent to
apartment strips have higher pedestrian accident rates than
those that are not; and (¢) grid neighbourhoods with intrusive
arterial streets have higher pedestrian accident rates than
those without. Here, commercial ribbons refer to the sections
of street fronts or block faces that are exclusively lined
wvith retail and commercial service outlets; similarly,
apartment strips are defined as the sections of street fronts
or block faces that are fully taken up with apartment buila-
ings; and arterials are those streets that are designated as
such by the City of Edmonton in its Transportation System
Bylaw.

12. Modified-grid neighbourhoods that are adjacent to
commercial ribbons, or are adjacent to apartment strips, or
have intrusive arterial streets, have higher pedestrian
accident rates than others of the same type.

13. Independent neighbourhood units that are bounded by
arterial streets with peripheral houses facing on thea have
higher pedestrian accident rates than those whose peripheral
houses are reversed to face internal streets, or those that
are mainly bounded by natural barriers.

14. Por neighbourhoods with hierarchical structures,
those constituting elongated ocommunities with 1long and
relatively straight collector streets have higher pedestrian
accident rates than the ones that form compact communities.
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15. Neighbourhoods of all types that are adjacent to
heavy external traffic generators (i.e. incompatible land
uses) experience higher pedestrian accident rates than those

that are not.

accidents on adjacent arterial streets than unplanned commer-
cial ribbons do. Neighbourhoods adjacent to shopping centres
therefore have lover pedestrian accident rates than those on
commercial ribbons.

To examine hypotheses 11-15, data on pedestrian accident
rates, accident frequencies and a checklist of environmental
features were compiled for every study neighbourhood. These
data are displayed by neighbourhood type in a series of tables
which were analyzed to examine the postulated associations
between neighbourhoods with relatively high accident rates and
the critical environmental features. While these analyses vere
a necessary first step, however, they do not explicitly reveal
if accidents really happen around the environmental features
in question. They are therefore supplemented by detailed area
studies to demonstrate the spatial relations between the
incidence of pedestrian accidents and the critical environ-
mental features; this is done through close interpretation of
large-scale maps of pedestrian accident locations. Pedestrian
accident frequencies are useful references here for indicating
the actual concentrations of accidents in the study areas,
which can then be associated with the critical environmental



features. Hypothesis 16 requires a different approach. It is
tested by comparing the mean pedestrian accident densities for
commercial ribbons and the sections of arterial streets that
immediately flank the major district or regional shopping
centres.

The chapter is organized into 5 analytical sections. The
first two investigate the grid and modified-grid neighbour-
hoods respectively, to examine hypotheses 11 and 12. The third
section looks into the independent neighbourhood units to
address hypothesis 13. The fourth investigates the neighbour-
hoods of hierarchical organization to test hypothesis 14.
Hypothesis 15 is examined for each neighbourhood category
separately and so is considered in all of the first four

sections. Finally, Section 5 corresponds to hypothesis 16.

8.1 Pedestrian Accident Distribution in the Areas of @ria
Neighbourhoods (Rypotheses 11 and 18)

It has been established in Chapters 6 and 7 that the griad
neighbourhoods in Edmonton constitute the most hazardous type
of residential environment for pedestrians, and that their
high pedestrian accident rates can be partly attributed to the
characteristic features of their grid street patterns. In this
neighbourhoods, together with other features of their local
contiguration, wvill be investigated to supplement Chapter 7 in
explaining the high accident rates that have been found there.

Altogether, there are 42 grid neighbourhoods in Edmonton.
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They accounted for 24 per cent of the total number of neigh-
bourhoods, but for 63 per cent of the 3034 pedestrian acci-
dents that happened in residential areas in the study period.
Table 8.1 shows the pedestrian accident rates and
frequencies for all 42 neighbourhoods. The rates vary con-
siderably, ranging from 39.3 per thousand people to 3.9. The
average is 11.7, but the standard deviation is 7.1. The same
table also records the occurrence of four critical features of
local environmental configuration that have been hypothesized
to contribute to a high incidence of pedestrian accidents.
These features are strip commercial development, a linear
arrangement of mnmulti-family dwellings on busy streets,
intrusive arterial roads directly fronted by dwellings, and
On the basis of the information presented in Table 8.1,
a line can be drawn between Westmount and Bonnie Doon,
dividing the grid neighbourhoods into two groups. The first
group comprises 27 neighbourhoods (64 per cent) which have
accident rates higher than 9 per thousand and most of which
are highly associated with the 4 environmental features;
twvelve of them have 3 or more of the features and all have at
least one. The second group contains 13 neighbourhoods (36 per
cent) which have relatively low accident rates and limited
associations with the 4 environmental features. Specifically,
74 per cent of the grid neighbourhoods in the first group
front on commercial ribbons; 33 per cent front on apartment
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, Table 8.1 7
Pedestrian accident rates for the grid meighbourhoods
‘ia relation to selected environmental features

Accident Fronting Fronting with Adj,lﬁint to
Neighbourhood rates and on on intrusive incompatible
frequencies commercial apartment arterial land use
ribbon strip road
McCauley 39 3(156) Y Y Y
Spruce Avenue 34.8 (78) Y Y Y
Central- )

McDougall 19.7 (97) Y 4 Y
Eastwood 18.9 (76) Y 4 4 Y
Canora 18.5% (54) 4 4 Y
Queen Alexandra 16.9 (80) Y
Prince Charles 16.2 (24) Y Y
Jasper Park 18.6 (21) Y
Parkdale 18.3 (8%2) Y Y Y
Garnsau 14.1 (91) Y Y Y
Alberta Avenus 14.0 (84) 4 Y
Beacon Haights 13.0 (39) 4
Elmwood Park 12.8 (17)

Highlands 12.1 (32) Y

Jasper Place 11.8 (41) Y Y Y

Queen Mary Park 11.8 (67) Y Y

Belvedere 11.6 (57) Y Y
sSctrathcona 11.5 (95) Y Y Y

Glenwood 11.1 (58%) £ Y Y
Ritchis 11.1 (40) Y

Inglawood 10.9 (69) Y Y Y

virginia Park 10.5 (12) Y

McKernan 10.3 (20) Y
Oliver 9.7(148) Y Y

Montrose 9.5 (29) Y
Baverly Heights 9.5 (37) Y

Westmount 9.1 (54) Y Y [

Bonnie Doon 2.0 (37) Y
Bellevue 8.0 (12) Y Y
King EBdward Park 8.0 (33) Y

Allendale 7.9 (23)

High Park 7.% (11)

Balwin 7.5 (33)

Riverdale 6.2 (10)

Wastwood 6.1 (20) Y b 4
Newton $.8 (17)

Haseldean 5.1 (17)

Calder 4.9 (23)

Delten 4.3 ({9)

Forest Beights 4.1 (18) Y

Grovenor 4.1 (9) Y

Sharwood 3.9 (7) Y

Averages 11.7 (49%)
standard 7.1 (36)

deviations

* mumbers in brackets are accident frequencies during the study period.
** Letter Y indicates the presence of the particular envirommental



strips; 63 per cent are intruded by arterial streets; and ¢¢
per cent are adjacent to incompatible land uses. By contrast,
only 7 per cent in the second group front on commercial
ribbons: 9 per cent front on apartment strips; 27 per cent are
intruded by arterial roads; and 13 per cent are adjacent to
incompatible land uses. These figures clearly indicate that
neighbourhoods with relatively high pedestrian accident rates
have much stronger associations with the 4 environmental
features than do neighbourhoods with low accident rates.

To substantiate that the above environmental features are
indeed responsible for the high pedestrian accident rates in
those grid neighbourhoods where they occur, their relations
with accident location patterns are also examined. The first
step is based on the information presented in Tables 8.2 and
8.3, which identify ull the commercial ribbons and apartment
strips in the areas of grid subdivision. Taken together, these
two features account for almost 900 accidents, or 24 per cent
and 6 per cent respectively of all the accidents that occurred
in residential areas. Not surprisingly, then, they have a
major impact on accident frequency in the neighbourhoods in
wvhich they are located. Thus, the 12 commsercial ribbons
accounted, in total, for 45 per cent of the 1474 accidents
experienced in the 21 grid neighbourhoods that front on theam,
wvhile the 6 apartment strips, which are adjoined by 10
neighbourhoods, account for 30 per cent of a total 489 pedes-
trian accidents. (The proportion of accidents on apartment



) Table 8.2
pedestrian accideant density on commercial ribbeas
ICiBlt;l, 1982-1990

Commercial L-ngth Averags No. of laalﬂ-nt
ribbon (mstres) no. of accidents density’
vehicles
psr day
** 1. stony Plain Road 1,620 23,800 92 2.4
(from 149 St to 163 8¢t)
** 2. 118 Avenue 1,620 17,900 7] 2.3
(from 34 st to 50 Bt) o
** 3. 118 Avenue 2,880 16,600 108 2.2
. (from 77 8t to 106 st) ) )
4. Whyte Avenue 1,660 31,000 110 2.1
(from 99 st to 109 8t)
(from 96 St to 117 8t) B
6. Jasper Avenue 1,680 35,400 83 1.4
(from 110 St to 124 8t)
7. 97 Street 1,140 20,000 k 1.4
. (from 108 Ave to 111 Ave) o
8. 124 street 1,3%0 16,600 31 1.4
o (from Jasper Ave to 107 Ave) o
9. 118 Avenue 830 32,500 25 1.2
. (from 122 8t to 127 Bt) . - B
10. 111 Avenue 960 22,400 21 1.0
o (from 91 St to 101 8t) . . o
11. 101 Street 1,200 19,000 30 0.9
. (from 105 Ave to 111 Ave) ) o
12. rort Road 2,100 20,000 29 0.7
(from 66 St to 137 Ave)
Averages 1, SQD “ﬂ 200 1.6

* Accident density is -:ﬁ-nﬁ as the mﬂm: of ma;ﬂ-nt- per
0 30/ 000 vehicles (a day) per 100 meters.
co-orcul ribbon on neighbourhood bound
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Table 8.3
Pedestrian accident density on apartment strips
Edmonton, 1982-1990

ipifﬁmiﬁti Length Lvizig- No. of Accident
strip (metres) no. of accidents density'
vehicles
par day
** 1. 82 Street 1,190 29,000 43 1.2

(E:am 118 Av- Ea

2. 124 Street 2,100 16,000 3a 1.1
(from 107 Avae to
) 118 Ave)
** 3. 156 Street 2,100 20,000 40 1.0
(from 95 Ave to
107 Ave) . )
4. 99 Street 1,000 26,000 21 0.8
(from Whyte Ave to
Saskatchewan Drive)
‘s, 111 Avenue 1,150 2%,000 15 0.5
(from 121 Bt to
Groat Road)

*6. 149 Street 1,870 24,000 18 0.3
(from 87 Ave to
99 Ave)

i Averages ) 1,570 isrsaﬁ 0.8

. A:eld-nt density Ll -xptnlggd ll the number of accidents per

10,000 vehicles (a day) per 100 meters.
‘“ Apartment strip on neighbourhood boundary.

strips would be higher if it were not that some of these
neighbourhoods also front on commercial ribbons.) In compara-
tive terms, commercial ribbons are twice as hazardous for
pedestrians as apartment strips, as measured by their average
accident densities (1.6 vs. 0.8); and two-thirds of the
commercial ribbons have higher accident densities than the
most hazardous apartment strip. It also follows, since most
commercial ribbons and apartment strips are on neighbourhood
boundaries, that they are partially responsible for the
unusually high pedestrian accident density on the boundary
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streets of grid neighbourhoods in Edmonton, as was inferred in
Section 7.5. However, not all of the commercial ribbons and
apartment strips are on neighbourhood boundaries. Some are on
arterials that penetrate neighbourhoods and separate local
facilities from parts of their intended service areas. It is
therefore impossible to isolate the negative effects of
intrusive arterial streets froa these other features.

The second step in the substantiation procedure is to
conduct a detailed examination of actual accident locations in
a representative area of grid subdivision in Edmonton. This
area (Figure 8.1), which lies immediately north of downtown,
includes 9 grid neighbourhoods —Westwood, Delton, Elmwood
Park, Alberta Avenue, Eastwood, Parkdale, Spruce Avenue,
Central-McDougall and McCauley—and is remarkable for its
high concentration of pedestrian accidents. First, it
accounted for a total of 389 accidents in the study period, or
19.4 per cent of all the pedestrian accidents in Edmonton’s
residential areas. Second, 7 of the 9 neighbourhoods have
accident rates higher than 9 per thousand, the criterion used
to divide the 42 grid neighbourhood into two groups when Table
8.1 vas analysed. All 4 of the critical environmental features
are present in this area as well, which makes it an appropri-~

ate choice for a case study.

As can be discerned from Figure 8.1, pedestrian accidents
are apparently concentrated on the following streets: 107
Avenue, 111 Avenue, 118 Avenus, 82 Street, 95 Street, 96
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Street, 97 Strast, 101 Street, and 109 Street. Nost of these
streets are commercial ribbons; some are apartment strips or
intrusive arterial streets; and in some cases, they combine
features. Each of these streets will now be discussed in turn
with respect to the incidence of pedestrian accidents.
Comparisons will also be made wherever possible to further
demonstrate that commercial ribbons are more hatardous than

other types of streets.
107 Avenue, where it bisects Central-McDougall neighbour-

an intrusive commercial ribbon. Its average traffic volume is
21,900 vehicles per day, yet it also separates many residents
from the major neighbourhood service facilities. For example,
residential development south of 107 Avenue is mostly in the
form of medium-density apartments, which suggests that a
considerable proportion of the neighbourhood residents live
south of 107 Avenue, vhereas all the schools and community

service facilities are located in the northern part of the

this busy street at least twice a day at rush hours, contrib-
uting further to pedestrian-vehicle conflicts there. Pedes-
trian accident density on 107 Avenue is a high 1.8/10,000
vehicles/100 metres, which is above average for a commercial

ribbon.
111 Avenue is a cross-city traffic corridor, carrying

22,400 vehicles a day on average. Between 91 Street and 101
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Street it is a commercial strip. Then, further west, between
101 and 109 Streets, there are three heavy traffic generators
(both vehicular and pedestrian): the Royal Alexandra General
Hospital (in Central-McDougall), the Glenrose Rehabilitation
Hospital (in Spruce Avenue) and Kingsway Garden Mall. Acci-
dents on this section of 111 Avenue are in two apparent
clusters: one is around the intersection at 102 Street,
between the two hospitals; the other is near the acute
intersection with Kingsway, adjacent to Kingsway Garden Mall.
Both clusters are in the close vicinity of these incompatible
land uses.

97 Street is a primary arterial road channelling traffic
between downtown and the suburban residential areas in North
Edmonton. Average daily traffic on this street increases from
south to north, with 20,000 vehicles between 105 Avenue and
118 Avenue, and 42,000 vehicles from 118 Avenue to Yellowhead
Trail. Conversely, pedestrian accident density decreases in
the same direction: 1.4/10,000 vehicles/100 metres between 1035
Avenue and 111 Avenue, 0.9 between 111 Avenue and 118 Avenue,
and 0.1 from 118 Avenue to Yellovhead Trail. The section
between 105 and 111 Avenues , which has the highest accident
density, is a commercial strip, wvhereas the next section
between 111 Avenue and 118 Avenue is fronted by single family
dvellings without service roads. From 118 Avenus to Yellovhead
Trail, 97 Street is insulated by a service road on the east
side and wvire-mesh on the west; both features serve to

as



restrict pedestrian access and accident density is correspon-
dingly low. Thus, 97 Street is a good demonstration that
commercial ribbons contribute more to the incidence of
pedestrian accidents than non-commercial streets do, and that
well-insulated arterial streets are safer than those without
insulation.

101 Street is also an arterial road, linking downtown to
118 Avenue, an east-vest cross-city traffic corridor. On
average, it carries 29,000 vehicles a day. Between 105 and 111
Avenues, it is a commercial strip forming the boundary between
McCauley and Central-McDougall. North of 111 Avenue, it
penetrates Spruce Avenue neighbourhood, with no service roads
to insulate the flanking houses. As on 97 Street, accident
density is higher on the commercial part of 101 Street
(0.9/10,000 vehicles/100 metres) than on the section within
Spruce Avenue (0.4/10,000 vehicles/100 metres). This demon-
strates that while commercial ribbons and intrusive arterial
streets are both hazardous for pedestrians, the former

recently, they were both intrusive arterial streets, carrying
heavy traffic through the NoCauley neighbourhood (an average
of 16,000 vehicles a day on 95 Street and 11,000 on 96 Street;
96 Street is now closed for through traffic). Indeed, 95



Street wvas formally designated as a truck route in 1974
(Edmonton Planning Department, 1981c). It has two negative
effects in this neighbourhood. First, it isolates the resi-
dences in the eastern part of the neighbourhood from the local
service facilities in the western part (such as the public
elementary school, the separate elementary/junior high school,
and the various shops along 97 Street). Second, it has been
increasingly generating pressures on the abutting residential
properties for redevelopment to non-residential land uses,
especially commercial uses (Edmonton Planning Department,
1981c). It now has many features of a commercial strip.
Accident densities are 2.1/10,000 vehicles/100 metres for 95
Street (the truck route) and 1.8 for 96 Street.

118 Avenue has the most extensive linear pattern of
pedestrian accidents in the case study area. It is also a
commercial ribbon, extending for 2.3 kilometres from 77 Street
to 104 Street, with the third highest accident density among
all 12 commercial ribbons (see Table 8.2). Pedestrian acci-
dents are especially dense near the intersections with Fort
Road, 82 Street and 97 Street. Since these three streets are
strip is constantly interrupted by through traffic in south-
north directions.

The linear concentration of accidents along 82 street in
Eastvood and Elmwood Park (an apartment strip) is eye-catching
as well, and the accident density there is the highest among
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all 6 apartment strips in Table 8.2. To the south, 82 Street
connects with downtown. To the north, it links up with the
Yellowhead Trail freeway and leads to the suburban areas north
of Yellowhead Trail. This street was originally laid for light
traffic loads. After the suburban areas north of Yellowhead
Trail wvere built up, it was assigned much heavier duties to
carry large volumes of through traffic (an average of 29,000
vehicle a day). More importantly, apartment buildings of 3 to
4 storeys are strung along both sides between 118 Avenue and
Yellowhead Trail, with building entrances directly facing the
street (Figure 8.2). Narrow sidewalks immediately abut vehicle
lanes with no planting strips or service roads to protect
pedestrians. One of the major neighbourhood service facil-
ities, the Eastwood Elementary/Junior High School, is separ-
ated by 82 Street from about two-thirds of its catchment area
to the west of the street. Not surprisingly, the pedestrian
accident rate for children of 5-14 years in Eastwood is 60 per
thousand (as compared with 18.9 per thousand for the neigh-
bourhood population as a whole).

The study area also contains two major incompatible land
uses: Commonwealth Stadium and Northlands Coliseum-Exhibition
Grounds. Commonwealth Stadium, one of Edmonton’s major sports
facilities, is surrounded by MNcCauley, Alberta Avenue and
Parkdale. It has a capacity of 60,000 spectators, and so
attracts large volumes of traffic vhen events are held. The
streets most affected are 107 Avenue and 111/112 Avenue; the
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Figure 8.2 An apartment strip on 82 Street in ERastwood
neighbourhood, where buildigg: are strung

along both sides, with building entrances
directly facing the street; narrowv sidewvalks
immediately abut vehicle lanes.
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tvo strings of pedestrian accidents along theam should be at
least partially associated with the traffic generated by the
stadium.

Northlands Coliseum-Exhibition Grounds is another heavy
external-traffic generator. Regularly, a large number of
events are held there every year: over 40 NHL hockey games per
season; rock concerts and special shows; 91 days of harness
racing and 85 days of thoroughbred racing; and the Exhibition
for Klondike Days lasting 10 days each summer (Edmonton

Coliseum-related through traffic was a major transportation
problem in the surrounding neighbourhoods (Edmonton Planning
Department, 1982a). The negative externalities generated by
the accident cluster (with 8 accidents) at the southeast
corner of Northlands Coliseum (around the Jjunction of 118
Avenue, Capilano Drive and 73 Street), the accidents on 82
Street (an apartment ribbon) and 118 Avenue (a commercial
strip) should also partially relate to this incompatible land
use, because large volumes of vehicular traffic approach and
leave Northlands Coliseum by wvay of these two arterial
streets.

To sum up, commercial ribbons, apartment strips, intru-
sive arterial streets and incompatible land uses are closely
associated with the neighbourhoods with high pedestrian
accident rates, as Table 8.1 indicates; and pedestrian
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accidents tend to cluster around these critical environmental
features, especially on commercial ribbons, as Figure 8.1
illustrates. Indeed, all 5 of the commercial ribbons in the
study area bear linear concentrations of pedestrian accidents.
Relatively speaking, the associations of incompatible land
uses with pedestrian accidents are not as clearly revealed as
those of the other 3 environmental features, because their
negative effects can spill over a large area and they may
induce pedestrian accidents beyond their immediate adjacency.
Nonetheless, Hypotheses 11 and 15 are generally confirmed by
the evidence generated from the analysis of Table 8.1 and the
area study. It is revealing as well that Delton is the only
neighbourhood in the study area that has none of the 4
critical environmental features; since it also has the lovest
pedestrian accident rate and the lowest accident frequency,

its patterns give further support to Hypotheses 11 and 15.

8.2 Pedestrian Accideat Distributioa ia the Areas of
NModified-Grid Neighbourhoods (Eypotheses 12 and 18)

Table 8.4 1lists the pedestrian accident rates and
accident frequencies for the 19 modified-grid neighbourhoods,
as vell as the same 4 environmental features as in Table 8.1.
(As a transitional form of development, this is the only other
neighbourhood type that is associated with these particular
features.) Although the neighbourhoods vary considerably in
accident rate, ranging from 2.1 to 17.8 per thousand, their
mean rate (5.9) is only half that of the grid neighbourhoods
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Table 8.4
Pedestrian accident rates for the modified-gria
aeighbourhoods in relation to selected
nvi:amntn features

Acclident Fronting TFronting With AMjacent to

Neighbourhood rates and on on intrusive incompatible
frequencies commercial apartment arterial land use

ribbon strip road

Prince Rupert
Britannia-
Youngstown
Athlons
Woodcroft
Killarney
Lauderdale
alenora
Rosslyn
Terrace Heights
Kensington
Pleasantview
Strathsarn
Balgravia
¥Windsor Park
Parkallen
Rundle Meights
Empire Park
Wellington Park
Avonmore

(18) Y

™
-

(39) Y Y

{(17)

(20) Y
(33)

(18)

(24) Y

(20)

(14)

(21)

(19)

(12)

(12) Y
(6) Y Y
(9)

(12)

(12) Y

(9)

(5)

(17)

(9)

2wl a0 wa NGO OHBSOMODW O |

NNNWUALAALVAORRININD
] - - o )

Averages
standard
deviation

¢ Numbers in brackets are accident frequencies during the study period.
s Letter Y indicates the presence of the particular environmental
feaature.

W
-

(11.7). The standard deviation of the accident rates is
smaller as well (3.4 vs. 7.1 for the grid neighbourhoods), and
all but one of the neighbourhoods in this set has accident
rates lower than 9 per thousand (vhich wvas used to divide the
42 grid neighbourhoods into two groups). The exception is
Prince Rupert, and even there the accident rate is not a
but of a relatively

small population. Table 8.4 also shows that only 7 of the 19
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modified-grid neighbourhoods possess any of the environmental
features that were critical to the grid neighbourhoods, and
only two (Britannia-Youngstown and Windsor Park) have more
than 1 of thenm.

It will be remembered that the replotting of the undevel-
oped land within Edmonton’s areas of grid subdivision in the
early 1950s provided the opportunity for planners to prevent
the development of most environmental features thzt are
especially unsafe for pedestrians. Thus, in addition to the
modifications to the typical grid street patterns analysed in
Chapter 7, arterial streets were generally not allowed to
intrude into replotted neighbourhoods and safety measures,
such as service roads, were designed into the rare exceptions.
More importantly, in light of the conclusions reached in
Section 8.1, multi-family dwellings were mostly grouped in
clusters and serviced by access streets, rather than strung
along arterial streets, and no new commercial ribbons were
created. Britannia-Youngstown, which has the highest pedes-
trian accident fregquency and the second highest accident rate
among neighbourhoods of this type, is the only one that is
associated with a commercial ribbon (on Stony Plain Road; see
Table 8.2) and an apartment strip (on 156 Street; see Table
8.3). But even there, the commercial ribbon existed before
replotting procedures were implemented.

In conclusion, the 4 environmental features under

consideration do not explain the variations in pedestrian
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accident rates among the modified-grid neighbourhoods, as they
do for the grid neighbourhoods. In other words, there is no
clear evidence to confirm Hypotheses 12 and 15. On the other
hand, it can be concluded that one of the reasons why mod-
ified-grid neighbourhoods tend, in general, to have lower
pedestrian accident rates than grid neighbourhoods is because
these particular environmental features, which bear so
strongly on the incidence of pedestrian accidents as Section

8.1 proved, were deliberately avoided when the neighbourhoods

wvere redesigned.

8.3 Pedestrian Accident Distributioa ia the Areas of
Independent Neighbourhood Units (Eypotheses 13 and 18)

Generally speaking, as demonstrated in Chapter 6,
independent neighbourhood units (i.e. type 3 neighbourhoods)
provide safer pedestrian environments than either grid or
modified-grid neighbourhoods. In addition to their lower
street density, lower intersection density and fewer entrances
and exits, the evident explanation is that those features of
local environmental configuration to which high accident rates
and accident frequencies among the grid neighbourhoods can be
attributed are virtually non-existent in the independent
neighbourhood units. In the first place, commercial facilities
are mostly grouped to form shopping centres or malls, and they
are set back from busy streets with off-street parking bays,
rather than being lined along arterial streets in the fora of

commercial ribbons. Multi-fanily dwellings are usually grouped
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in clusters as well, and located within neighbourhoods with
access from local streets. The only exception is in Sher-
brooke, where apartment buildings align 118 Avenue, but even
there they are set back with a service road in front. No
arterial streets run through any of the neighbourhood units,
except for Crestwood, and although it is common for houses to
face the boundary streets, they are set back with service
independent neighbourhood units in Edmonton. In addition, they
have few incompatible land uses, except for occasional
district or regional shopping centres that generate external
traffic. Table 8.5 lists the pedestrian accident rates for
all 37 independent neighbourhood units in Edmonton. Compared
with the grid and modified-grid neighbourhoods (see Tables 8.1
and 8.4), the independent neighbourhood units have a much
lover mean accident rate (3.7 vs. 11.7 and 5.9). Nonetheless,
they still accounted for 415 pedestrian accidents during the
study period, and these accidents were unevenly distributed.
The rates for individual neighbourhoods range from 13.1 to 0;
the standard deviation is 2.9.

As determined in Chapter 7, the problam of pedestrian

d units is most

safety in the areas of independent neigh
acute on boundary streets: nearly 70 per cent of the pedes-
trian accidents in this type of neighbourhood ococurred on
streets that foram neighbourhocod boundaries (see Table 7.3).
This makes inter-neighbourhood functional relations the



Table 8.5

Pedestrian accident rates for the indepeadent aeighbourhood
units in relatioa to .noetod eaviroameatal features

Neighbourhood
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central concern for the investigation of the associations
between local environmental configuration and pedestrian
accidents in this particular type of residential environment.

According to neighbourhood unit theory, a neighbourhood
unit should normally be bounded by either arterial streets or
natural barriers (such as ravines, wyodlands and open spaces).
This is exactly what was followed in the development of
Edmonton’s neighbourhood units in the 1950s and sarly 1960s.
But while most of them have a public elementary school within
their territory, they are far from self-contained with regard
to other services and facilities, such as public high schools,

most cases, adjoining neighbourhoods that share these service
facilities are separated by arterial roads carrying heavy
through traffic. And although it is not inappropriate for the
shared facilities to be located on the periphery of the host
neighbourhood, it is surely unsafe to have thea on one side of
an arterial street when an important part of their service

area is on the other.
nt neigh-

To examine the propositions that (1) indep
bourhood units that are bounded by arterial streets with
houses facing on them have higher pedestrian accident rates
than those vith other forms of boundaries (Hypothesis 13), and
that (2) independent neighbourhood units adjacent to heavy
external traffic generators have higher accident rates than
those that do not have this feature (Hypothesis 15), Table 8.5
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vas prepared. From this it can be seen that those neighbour-
hoods that have relatively high accident rates for their type
are mainly bounded on three or even four sides by arterial
streets with facing houses. They also tend to be associated
with district or regional shopping centres, which generate
considerable amounts of external traffic. Neighbourhoods that
have lower accident rates are not necessarily wmore self-
contained, however. Rather, they tend to have one or more of
the following three features: (1) they are largely bounded by
open areas (such as Grandviev Heights, Brookside and Lans-
downe; see Figure 8.3); (2) their peripheral houses are
reversed to face internal streets with limited access to the
arterials (such as McQueen, North Glenora, Lendrum, Malmo
Plain and Greenfield; see Figure 8.4); or (3) there are no
district or regional shopping centres in their close vicinity.
Specifically, 12 (57 per cent) of the 21 neighbourhood units
that have accident rates equal to or higher than 3 per
thousand are bounded on 3 or more sides by arterial streets

are adjacent to district or regional shopping centres. In
contrast, only 2 (13 per cent) of the 16 neighbourhood units
jed o0 3 OF

these two neighbourhoods, Holyrood and Ottewell, have rela-
tively high accident frequencies); and only 3 (19 per oent)
are adiacent to district or regional shopping centres (includ-
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Figure 8.3 Isolated neighbourhoods of Grandview Heights,
Prookside and Lansdowns, largely bounded by the
Whitemud Creek, the University of Alberta
Experimental Farm and the depressad Whitemud
Drive freaway.



Figure 8.4

107 Avenue on the boundary of McQueen
neighbourhood, with r-v:r-:d frontage.
Reversing the flanking houses does not
in itself reduce inter-neighbourhood
pedestrian trips, but it reduces the
opportunities for jaywalking.



ing both Holyrood and Ottewell). This means that Hypotheses 1)
and 15 are largely confirmed, though not all relatively high
accident rates in independent neighbourhood units can be
explained by these features.

To illustrate the accident hazards of boundary streets in
areas of neighbourhood unit development, a sample area is
examined in detail. This examination also demonstrates the
negative effects that district and regional shopping centres
can have on pedestrian safety in otherwise highly planned

residential areas.

The case study area (Dickinsfield in north Edmonton),
hoods. Seven of them are independent neighbourhood units:
Evansdale, Kilkenny, Northmount, Kildare, York, Glengarry and
Delwood; the other two, MclLeod and Casselman, form a hier-
archically organized unit. The independent neighbourhood units
in this area have accident rates that range from 3.3 per
thousand population to 10.9 and all but one of them is above
the average for this type of neighbourhood.

In terms of educational facilities, each of the indepen-
dent neighbourhood units has a public elementary school
(largely centrally located), but only 4 of them have a
separate elementary school. In addition, there are only 4
junior high schools (2 public and 2 separate) and 2 senior
high schools (one for each school system) in the study area.
In short, the independent neighbourhood units were designed to

asi
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independent neighbourhood units in north Edwonton
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be self-contained only for public elementary education. Nost
separate school students, and most students attending high
schools in either system, have to travel beyond their neigh-
bourhood boundaries.

With regard to shopping facilities, only Evansdale and
Kilkenny have a neighbourhood shopping centre. However, the

area also includes ¢hree regional shopping centres: Londonde-

Town Mall (in Northmount). This is an unusual concentration
and might be expected to generate large volumes of external
traffic.

For the most part, the 7 independent neighbourhood units

are bounded by arterial streets carrying high volumes of
traffic (see Table 8.6). Except for 97 Street (between 137 and

Average veekday Er;ftia on the hauidlzy streets of the
) ilaipnsdint -niiihaurnaal u:lt: ia liiﬁzi 8.5, 1982-1990

Average no.

Boundary street of vehicles

per veeakday
1. 97 SEriit (!Eﬂ: 132 Ave to 15: Aw-) 38,000
2. 137 Avenue (from Fort Road to 97 8t) 26,000
3. 66 Street (from 132 Ave to 153 Ave) 19,000
4. 82 BStreet (from 132 Ave to 153 Ave) 17,000
S. 144 Avenue (from 50 8t 97 8t) 14,000
6. 132 Avenue (from 66 8t to 97 8t) 9,000
Average o 7 7 ”20.500
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153 Avenues) and 137 Avenue, all the boundary streets have
facing houses with service roads. Altogether, the 7 indepen-
dent neighbourhood units experienced 154 pedestrian accidents,
of which 64 per cent occurred on the boundary streets listed
in Table 8.6. The main concentrations were on 132 and 144
Avenues and around the three major shopping centres. It is
also significant that 56 per cent of all the accidents
involved school-aged children (5-19 years), especially along
132 Avenue and 144 Avenue vhere there are a number of separate
schools and public high schools, situated to serve neighbour-
hoods on both sides of the streets. Two strings of pedestrian
accidents can be discerned there, accounting for 47 accidents
altogether, of which 31 (66 per cent) involved school-aged
children. There vere fewver accidents on 137 Avenue betwveen
Londonderry Mall and Northwood Mall, mainly because the
flanking houses along this section of 137 Avenue are reversed
to face internal streets and access to the street is limited
to a few designated crossing points.

Londonderry Mall is located on the west side of 66 Street
between 137 Avenue and 144 Avenue. Immediately adjacent to the
mall are single-family houses on the south side of 137 Avenue,
multi-family dwellings on the east side of 66 Street (with
service roads in front of them), and the M. E. Laszerte
(Public) Senior High School on the north side of 144 Avenue.
All are potential origins of pedestrian shoppers. Around the
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at the intersection of 137 Avenue with 66 Street (8 acci-
dents); the other is on 144 Avenue in front of the senior high
school (11 accidents). The junction of 137 Avenue and 66
Street is a cross-intersection, the most hazardous type of
intersection for pedestrians, and although it is fully
controlled with signal lights, vehicle-pedestrian conflicts
are still intense. The second cluster on 144 Avenue is largely
attributed to the location of the senior high school in
relation to the shopping mall. The school’s main entrance on
144 Avenue faces Londonderry Mall’s north entrance. It wvas
observed on site that many students from the high school
visited the mall after class in the afternoon (probably
during lunch time too). There is a marked crosswalk in front
of the school entrance, but many pedestrians did not use it.
Jaywalking is a problem there.

Northwood Mall and North Town Mall are both located at
the junction of 137 Avenue and 97 Street, separated only by an
arterial street (137 Avenue). This arrangement of two large
shopping centres does not conform to any principle of land use
planning. Their contributions to the relatively poor accident
records of the adjoining neighbourhoods of Glengarry and

vehicular traffic onto nearby boundary streets such as 137
Avenue and 97 Street. Second, they induce pedestrian movement
across 137 Avenue, interweaving vith the heavy and fast-moving
traffic stream. Third, the negative effects of Northwood Mall



spill over to the internal streets of its host neighbourhood,
Glengarry, which has the highest pedestrian accident frequency
and the second highest accident rate of all the independent
neighbourhood units. Because the vehicle entrance to the rear
parking lot of Northwood Mall is located on 13% Avenue, a
related traffic is significant within Glengarry. Up to 10,500
vehicles a day have been recorded by the City’s Transportation
Department, which does not monitor traffic volumes on collec-
tor streets unless safety becomes a concern for local resi-
dents. The string of pedestrian accidents on 135 Avenue and 90
Street (which is part of the collector street and fronted by
multi-family dwellings and playgrounds) must surely be related
to the unusual traffic situation created by the mall. North

ences in local environmental configuration. First, North Town
Mall has no rear parking lot, so all customer vehicles
concentrate in front of the shopping centre. Second, there are
reduces the opportunities for through traffic.

This area analysis provides concrete evidence that vhere
local service facilities are oriented towards more than one
neighbourhood unit and their intended service areas are

aged children) are indeed subject to accident hasards on



boundary streets, especially those that have facing houses
(such as 132 and 144 Avenues), even with service roads. The
case study also demonstrates that regional and district
shopping centres, if poorly insulated from their host neigh-
bourhoods (in the case of Northwood Mall) or if located with
schools or multi-family dwellings opposite them on the same
arterial street (such as Londonderry Mall), do generate a
relatively high incidence of pidestrian accidents in their
vicinity. It seems that where large volumes of traffic move at
high speed and frequent cross-street pedestrian movement is
r scessary, the combination of service roads and controlled
crossings is inadequate for pedestrian safety. The evidence
provided by this area study therefore complements the analysis

of Table 8.5 to support Hypotheses 13 and 15.

8.4 Pedestrian Accident Distributiom im the Areas of
Nierarchical organisatiom (Eypotheses 14 and 1§)

It will be remembered that neighbourhoods planned as
units in hierarchical structures .ypes 4 and 5) have the
lovest pedestrian accident rates of all, and that the differ-
ence between them and the independent neighbourhood units
mainly shows up on their boundary streets, as vas indicated in

Chapters 6 and 7.

strests of the hierarchically organised neighbourhoods
s, vhile still

relatively safe. First, individual neighl
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centred on a public elementary school, were deliberately
grouped to form communities in consideration of other local
service facilities that need the population of more than one
neighbourhood to support them, such as separate elementary
schools, high schools from both school systems and sometimes
shopping centres. Normally, only communities are bounded by
arterjial roads that carry inter-district through traffic.

Within a community, component neighbourhoods are usually

carry intra-community traffic only. Communities are func-
tionally more self-contained than the independent neighbour-
hood units. Although inter-neighbourhood pedestrian trips are

still necessary, pedestrian movement within communities dcas

Second, service roads, which are a common design feature
on the boundary streets of independent neighbourhood units in
Edmonton, are rarely used in community design. Residential
buildings near arterial streets are mostly reversed and
separated from the roads with either fences or earth berms.
Pedestrian access points on the arterial roads are strictly
limited, and opportunities for jaywalking are greatly reduced.
In addition, fev pedestrian generators (such as schools and
shopping facilities) are located along arterial streets,
unlike the situation on 132 and 144 Avenues in Pigure 8.5.

Although the range of pedestrian accident rates is wide
among the hierarchically planned neighbourhoods (from 9.1 to



0; see Table 8.7), the standard deviation is only 1.6. This is
because the majority of the neighbourhoods (78 per cent) have
low accident frequencies (fewer than 10 accidents in the nine-
several streets and have few obvious concentrations. Nonethe-
less, as assumed in Hypotheses 14 and 15, two features of
neighbourhoods that have relatively high accident rates for
their types: (1) elongated communities, in which collector
streets tend to favour speeding; (2) incompatible land uses
that draw external traffic. At first sight, community shape

appears to have weak associations since the Y'’s representing

Table 8.7. Yet, if the average accident rate (1.9) is used as
a breaking point, Table 8.7 reveals that 352 per cent of the
neighbourhoods with above-average accident rates belong to
elongated communities, versus 26 per cent with below-average
accident rates. Incompatible land uses seem to have stronger
associations, since all but one of the neighbourhoods that
adjoin them have above-average accident rates: the exception
is Belmead, a neighbourhood that adjoins West Edmonton Mall.
Unlike collector streets in independent neighbourhood
units which seldom carry through traffic, the collector
streets in type 4 and 5 neighbourhoods normally carry some
through traffic from or to other neighbourhoods of the same
comsunity. Noreover, if the communities are elongated their






Table 0.7
Pedestrian accident rates for the neighbourhoods of
hierarchical erganimation in relation to
selected eaviroameantal features

Neighbourhood Accident Forming Ismadiately
rates and slongated adjacent to
frequancies community incompatible

land use

Summerlea 2.1 (12) Y Y

Abbotts Fisld s5.4 (9)

Laa Ridge 4.8 (19%)

Thornollff 4.8 (18) Y Y

Homesteader 4.7 (17) 4

Twaddles Place 4.2 (1%)

Famsyocsak 3.7 (10) Y

Tipasksn 3.4 (11) Y

Richfield 3.4 (12)

La Perle 3.0 (14) Y

CASrnavon 2.9 (1)) Y

Manisa 2.7 (1)

Srandsr Gardans 2.6 (6)

Ormeby Flace 2.5 (9)

Overlanders 2.5 (06) Y

PFollard Meadows 2.} (8

Meyonohk 2.2 (1) 4

Carlisle 2.1 (9) Y

Callingwood North 2.0 (8) Y

Belmont 2.0 (8)

Punluce 1.9 (1)) Y

Meyokumin 1.8 (6)

Halrsins 1.8 (%)

Lorslel 1.7 (9) Y

Swest Grass 1.6 (5)

Michaels Park 1.6 (&)

Aldergrove 1.4 (7) Y

Sakaw 1.4 (%)

Lymburn 1.3 (%) Y

Sifton Park 1.2 (3)

Balmead 1.2 (5) ¥ ¥

MolLeod 1.2 (3)

Bannarrsan 1.2 (4)

Rio Terrace 1.2 (2)

Beaumaris 1.1 (3) Y

Baturyn 1.1 () Y

nillview 1.1 (4)

Ekota 1.1 (4)

Blue Quill 1.0 (4)

Ermineskin 1.0 ()

Cassslman 1.0 (3)

Gariepy 0.8 (2) 4

Fraser 0.8 (2)

Oleskivw 0.8 (1)

Blus Quill wast 0.8 (1)

satoo 0.8 (3)

Callingwood Bouth 0.8 (3) Y

Steinhaver 0.7 (2)

Karnohan 0.7 (2)

Ramnsay Heights 0.6 (2)

Vestridge 0.% (1)

Greanview 0.6 (2)

Skyrattler 0.4 (1)

in 0.0 (0)
Quesnsll Neights 0.0 (0)
Fatricia Neights 0.0 (0)

Average 1.9 (&)
Standard 1.6 (4)
devistion

* Numbars in brachets are asccident frequencies during

the study period.

t* Latter Y indicates the presence of the particular

environmental festurs.



collector streets are relatively straight with open vistas,
which encourages drivers to speed.

Figure 8.6 shows an elongated community consisting of
three neighbourhoods: Homesteader, Overlanders and Canon
Ridge. Both Homesteader and Overlanders have pedestrian
accident rates that are above average for their type. (Canon
Ridge was developed after 1982, and therefore is not included
in Table 8.7). This community is bounded by a railroad on the
south and a ravine on the north. There are no arterial roads
on the boundaries of the community to channel fast-moving
traffic. Consequently, Hermitage Road, which extends for J.1
kilometres with open vistas, has become an alternative for
through traffic. In Homesteader, the schools (a public
elementary and a separate elementary) and the community
shopping centre are all located on the south side of Hermitage
Road. Multi-family dwellings are mostly on the north side of
the road. During my field observations, pedestrians were seen
crossing this collector strest frequently, not only at
intersections with designated crossvalks but also at mid-bleck
locations where no signals, signs or pavement marks exist.
Near 50 Street, townhouses immediately front on Hermitage Road
on the north side, without service roads (Pigure 8.7). This
can be regarded as acceptable practice since Hermitage Road is
a collector street, not an arterial. Yet pedestrians are still
threatened by through traffic moving at 50 km per hour (which
is the legal speed limit). The string of pedestrian accidents
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Figure 8.6 Pedestrian accident distribution in the elongated
community of Homesteader in Clajirview



Figure 8.7 Townhouses front on Hermitage Road in
Homesteader, without service roads.
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on Hermitage Road is indicative of the pedestrian-vehicular
conflicts there.

Figure 8.8 shows another elongated community in the
Castle Downs district in north Edmonton. Three neighbourhoods
are included, all of wvhich have above-average pedestrian
accident rates. Within the community, the collector street
(139 Avenue—121 Street—162 Avenue) extends for 4.2 kilometres,
with a speed limit throughout of 50 ka per hour. On the east
side of 121 Street between 145 and 152 Avenues is a superblock
with an array of neighbourhood service facilities, including
two schools, two shopping centres and a neighbourhood park. On
the west side of 121 Street are townhouses as well as single-
family dwellings. Although marked crosswalks with erected
signs or amber flashers are in place at almost every intersec-
tion, jaywvalking was observed. A string of accidents, although

relatively dispersed, is evident along 121 Street.

are regarded as incompatible land uses: one is West Edmonton
Mall, the other is Grant MacEwvan Community College in Mill
Woods. Both are situated within the boundaries of their host
communities, but are oriented towvard much larger service areas
and so drav external traffic. The patterns of pedestrian

The case of West Edmonton Mall is illustrated in Pigure
8.9 vhich shows the northern portion of the comprehensively-
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Figure 8.9 Pedestrian accident distribution in the northern
portion of West Jasper Place district. This area
has been badly interrupted by the intrusion of
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planned suburb of West Jasper Place. The mapped area was
intended to comprise six neighbourhoods organized into two
communities, but that plan has been disrupted by the construc-
tion of West Edmonton Mall, which was added after the develop-
ment of the adjacent neighbourhoods had begun (Smith, 1991).
Among the consegquences, Summerlea was reduced to half its
planned size, the continuity of the collector loop in the
eastern tier of neighbourhoods was broken, and traffic flow
patterns in the surrounding area have changed substantially.
Everyday, including weekends and holidays, West Edmonton Mall
attracts tens of thousands of vehicles from all over the city
and from surrounding towns and municipalities. This puts heavy
burdens on the neighbourhood boundary streets in this residen-
tial area. According to the City’s Transportation Department,
the average weekday traffic is 27,000 vehicles on 87 Avenue,
33,100 on 178 Street, 22,000 on 90 Avenue and 49,900 on 170

Street.

the adjacent streets to become much busier than they were
planned to be, there are two reasons to believe that local
pedestrians still cross thea frequently. First, Weet Bdmonton
Mall is not just a shopping centre, but a major recreation and
entertainment centre (Hopkins, 1991; Jackson, 1991). It serves
the interests of all ages, and dravs pedestrians from the
nearby neighbourhoods within wvalking distance (Wickert, 1993).
Second, these neighbourhoods were developed in phases, and
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local service facilities were to be provided as the population
grew to require them. Even now, Summerlea does not have a
public elementary school, and no high school of any kind has
been built in any of the neighbourhoods north of Whitemud
Drive. The closest high schools are in Elmwood and West
Meadowlark Park (which are located east of Thorncliff and West
Edmonton Mall respectively, across 170 Street). Those students
who live in West Jasper Place and walk to the high schools in
Elmwood and West Meadowlark Park, all have to cross one or
more of the heavily trafficked streets around West Edmonton
Mall, especially the intersection of 87 Avenue with 170
Street, wvhere a cluster of 9 accidents stands out (see Figure
8.9); 5 involved school-age children .

On the other hand, the pedestrian-vehicular conflict in
the vicinity of West Edmonton Mall might have been even more
intense if the surrounding neighbourhoods had not been
designed for limited access. Thorncliff has only two entry/
exit points on 87 Avenue, as does Belmead on 178 Street. This
reduces the number of intersections. Besides, all the houses
along 87 Avenue and 178 Street are reversed to face the
internal streets, otherwise the possibility of jaywalking
around West Edmonton Mall would be much higher.

Above-average pedestrian accident rates are also regis-
tered in Tipaskan, Kameyosek and Meyonohk, all belonging to
Lakewood Community in Mill Woods (see Figure 8.10). Here,

there are two interruptive features of note. One is 28 Avenue,
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Figure 8.10 Pedestrian accident distribution in the community
of Lakewood in Mill Woods. Grant MacEwan Community
College is situated in the centre of the community.



which cuts through the community as an arterial road; the
other is the Mill Woods campus of Grant MacEvan Community
College. 28 Avenue was initjally laid down as a potential
route for rapid rail transit (see Figure 3.7). The LRT system
has not been extended to Mill Woods yet, but 28 Avenue has
nonetheless become a major traffic route. The Grant MacEwvar
campus, which is sited within Kameyosek, takes students from
a wide area of Edmonton due to some unique programs it offers.
As it is now, the college accommodates 800 full-time students
with 50 permanent teaching staff. The campus itself provides
350 off-street parking spaces, but the entrances to the
parking lot are from streets that are internal to Kameyosek
(i.e. Lakevood Road and 29 Avenue). This means that all
vehicles entering and leaving the campus travel within
Kameyosek. Of the 28 pedestrian accidents that occurred in
this community during the study period, 12 wvere in the
relative adjacency (within two blocks) of the Grant MacEwan
campus.

In summary, Table 8.7 and the area analyses do provide
evidence that neighbourhoods forming elongated communities
tend to have higher pedestrian accident rates than is normal
for their type, and the collector streets in these communities
tend to have linear patterns of pedestrian accidents. There is
evidence that planned neighbourhoods that are adjacent to
incompatible land uses experience higher accident rates as
well. At the same time, some neighbourhoods that form compact
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communities and have no incompatible land uses in their close
vicinity (such as Abbotts Field, Lee Ridge, Tweddle Place and
Richfield), show higher accident rates than others that form
elongated communities (such as Lymburn, Beaumaris, Gariepy and
Callingwood 8South). There are no obvious environmental
features to explain these differences. Since patterns of
accidents are indeterminate in these neighbourhoods, largely
because accident frequencies are low, they were more likely to
have happened "accidently®™ or randomly, and should be
attributed to behavioural factors. Hypotheses 14 and 15 are

therefore largely confirmed, though with exceptions.

8.5 Comparison of Shopping Centres with Commercial strips
for Pedestrian safety Effects (Eypothesis 16)

One conclusion that emerges repeatedly from the above
discussions is that pedestrian accidents are closely associ-
ated with commercial land uses in both unplanned and planned
residential areas. At the same time, it is generally presumed
commercial ribbons do. To test that presumption, as expressed
in Hypothesis 16, the mean pedestrian accident density for the
sections of arterial streets that immediately flank 10 major
district or regional shopping centres (and their affiliated
parking lots) is calculated and compared with that for the 12
commercial ribbons (see Tables 8.8 and 8.2). The result shows
that the mean accident density around shopping centres is 36
per cent lower than that for the 12 commercial ribbons (0.7
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Table 8.8
Pedestrian accident density on the arterial streets
:ugsaugding ] :;;§= shopping centres in Edmonton, 1982-1990

________

Length Average No. of Accident
Shopping Street (metres) No. of accidents density’
centre vehicles ’

per day

Londonderry 137 Ave 430 25,300 9 0
Mall 144 Ave 240 14,000 10 3.
66 St 580 20,000 11 0.

1

0

Northwood 137 Ave 420 28,500 14
Mall & North 97 St 520 35,000 1s
Town Mall

Meadowlark 87 Ave 360 19,700 10 1.4
Mall 156 St 380 17,000 3 0.5
(4}

Bonnie Doon Whyte Ave 210 32,000
] 20,000 3

(RN I

Mall 83 st 720

Southgate 51 Ave 330 20,000
Mall 111 st 600 29,000
Capilano 98 Ave 500 10,400
Mall Terrace RAd 660 12,400
50 St 330 21,600

WA= | N

Heritage 111 st 510 29,000
Mall 23 Ave 450 20,000

- » L] -
(N |

El-X-X-BE-T-EE-T-T-IE-X-

West 170 St 600 49,900
Edmonton 178 st 360 33,000
Mall 87 Ave 1050 27,000

90 Ave 960 22,000

(™
Jova lavww [N

Kingsway 106 st 600 19,000 0.4
Mall 109 st 300 25,000 0.7
112 Ave 360 18,000 0.6
Westmount 135 8t 540 7,700 3 0.7
Mall Groat Rd 540 25,000 15 1.1
111 Ave 240 27,000 6 0.9

* Accident density is expressed as the number of accidents per
10,000 vehicles (a day) psr 100 meters.
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versus 1.6), indicating that the shopping centre is indeed a
safer form of commercial land use organization. Hypothesis 16
is thus explicitly proved. This finding also implies that
neighbourhoods adjacent to district or regional shopping
centres should have lover pedestrian accident rates than those
fronting on commercial ribbons. This can be supported by the
information presented in Tables 8.1, 8.4, 8.5 and 8.7. For
instance, the average pedestrian accident rate for the
neighbourhoods fronting on the 12 commercial ribbons is 15 per
thousand pecople, as compared with 4.7 for the neighbourhoods

immediately adjacent to the 9 shopping centres.

8.6 Conclusions

different mean pedestrian accident rates, as revealed in
Chapter 6, individual neighbourhoods of the same type are not
equally safe or unsafe. In fact, accident rates vary consider-
ably within each of the neighbourhood categories. One planned
neighbourhood unit even has a higher pedestrian accident rate
than the average for the grid neighbourhoods; and six hier-
archically organized neighbourhoods have higher rates than the
average for the independently designed units. These variations
can be attributed to differences in their local environmental
configurations. In relation to the research hypotheses that
form the basis of this chapter, five main conclusions can be

drawn.



First, as expected, those grid neighbourhoods that have
the highest accident rates tend to be closely associated with
the following environmental features:

(1) strip commercial development along thoroughfares,

(2) linear arrangement of multi-family dwellings on
heavily trafficked streets,

(3) poorly insulated arterial roads that intrude into
nei ghbourhoods and separate local service facilities
frcm parts of their service areas.

Commercial ribbons are particularly hazardous for pedestrians,
more so tharn apartment strips since they tend to generate more
frequent cross-street pedestrian movement. Since most commer-
cial ribbons and apartment strips are situated on neighbour-
hood boundaries, they also account in part for the unusually
high accidant density on the boundary streets of grid neigh-
bourhoods in general. The safety effects of intrusive arterial
streets, on the other hand, are more difficult to generalize
about because several of them are also commercial ribbons or
apartment strips. Nonetheless, the occurrence of these three
features is clearly associated with the highest pedestrian
accident rates in Edmonton, not just for grid neighbourhoods
but for all neighbourhoods. They therefore contribute to the
general variation among neighbourhood types, especially in
terms of the difference between planned and unplanned neigh-
bourhoods. It is logical to infer, for instance, that the
virtual absence of these particularly hasardous features from
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fully-planned neighbourhoods (types 3, 4 and 5) accounts in
some degree for their relatively low mean pedestrian accident
rates. The intermediate position of the modified-grid neigh-
bourhoods is also revealing once again. They are the only
other neighbourhoods to be associated with these particular
features, but only in a limited way, a pattern that mirrors

their ranking between the neighbourhoods of type 1 and type 3.

preventing the development of commercial ribbons, apartment
strips and intrusive arterial streets have been effective
means of improving pedestrian safety in Edmonton.

Second, while independent neighbourhood units in general
ified-grid neighbourhoods, those that are bounded by arterial
streets with peripheral houses facing on them do tend to have
the highest accident rates for their type. It seems that vhere
large volumes of traffic move at high speed and freqrent
cross-street pedestrian movement is necessary, the combination
of service roads and controlled crossings is inadequate for
pedestrian safety. This feature also lends explanation for the
variations in pedestrian accident rates between the indepen-
dent neighbourhood units and the hierarchically organized
neighbourhoods. As will be remembered, in the latter, periph-
eral houses along arterial streets are normally reversed to

face internal streets, and pedestrian access to these streets
is strictly limited. Correspondingly, the hierarchically
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organized neighbourhoods in general have lower pedestrian
accident rates. The validity of this explanation can be
supported by the research finding that those independent
neighbourhood units that are bounded by arterial streets with
reversed flanking houses also have relatively low pedestrian
accident rates. This also confirms the theoretical expecta-
tion, first stated in Section 2.3.1.2, that fully insulated
arterial streets with reversed frontages should be the safest
form of arterial street design.

Third, the variations in accident rates and the differ-
ences in local environmental configuration for the neighbour-
hoods of hierarchical organization are relatively weakly
associated. For example, although elongated communities with
relatively long collector streets tend to be associated with
neighbourhoods that have above-average pedestrian accident
rates for their type, a number of neighbourhoods that also
belong to elongated communities have below-average accident
rates, and some belonging to compact communities have higher
rates. These variations could not be explained by environ-
mental factors and should be attributed to other causes,
especially behavioural ones. After all, environmental sol-
utions cannot prevent accidents entirely, even on the internal
streets of modified-Radburn and cluster-plan neighbourhoods
where the incidence of pedestrian accidents is generally low
by Edmonton standards.

Fourth, neighbourhoods, whether planned or unplanned,
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that are adjacent to heavy external traffic generators (or
incompatible land uses) tend to have higher pedestrian
accident rates than those that are not, given that they have
similar street patterns. Generally speaking, the externalities
of incompatible land uses are worse in unplanned than in
planned residential areas. In the former, the grid street
network has a high potential for through traffic generated by
incompatible 1land uses, which demands massive remedial
measures, thus making traffic control difficult. In the
latter, the externalities are not as widely spread because of
the curbing effects of the hierarchically structured street
network. Still, without incompatible land uses, or with proper
segregation from their surrounding residences, planned
residential areas of all types will be much safer, even with
their current combinations of the critical design elements.
Prinally, wvhile commercial land use seems to generate more
pedestrian accidents than other types of land use in both
unplanned and planned residential areas, it was found that
shopping centres are a safer form of commercial land use
organization than commercial ribbons. This conclusion implies
that neighbourhoods adjacent to shopping centres should have
lower pedestrian accident rates than those fronting on

commercial ribbons.
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CONCLUSIONS AND RECONMENDATIONS

9.1 Conclusions

The thesis research was designed as a systematic evalu-
ation of planned residential environments from the standpoint
of pelestrian safety. This is a Canadian case study in a field
that has been dominated by European studies. More particular-
ly, the objectives of the thesis were (1) to discover 1if
planned residential environments in general are safer for
pedestrians than unplanned environments, and following from
that to determine which form of built environment is safest;
forms of the individual design elements that planners have
traditionally manipulated in their gquest for safer environ-
ments; and (3) to determine whether individual neighbourhoods
of the same general form vary in their degrees of pedestrian

afety, and whether those variations can be attributed to

local differences in particular environmental features that
are either characteristic of the general form or depart from
it in some way.

It must be stressed at the outset that although the
thesis research has proved some important relations between
the incidence of pedestrian accidents and variations in
environmental design, this by no means implies that environ-
mental factors are the sole causes. Human behaviour also

contributes to the incidence of pedestrian accidents, vhich is
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why education and regulation are necessary accompaniments of

evaluate different forms of built environment, each of which
is characterized by distinctive environmental solutions, for
their relative eifects on padastrian safety. By evaluating
past practice, we can avoid committing old mistakes and build
or the success of the past to create safe residential environ-
ments, in which pedestrian exposure to traffic hazards is
minimized and the points of pedestrian-vehicle conflict
reduced. As Roberts (1990:35) has put it, "A good physical
environment is one where you will not be threatened by motor
vehicles ... and where vehicles do not impair your acceas to
things you need to reach safely, easily and quickly". Such an
environment makes no unreasonable demands on human capabil-
ities either, thus encouraging the practice of appropriately
learned driving and walking behaviours and making it unnecess-
ary to rely on extensive use of regulatory devices. With this
in mind, we now turn to the conclusions of the thesis
research.

To begin, pedestrian accidents are indeed a salient
problem in residential areas, as the Edmonton case demon-
strates. Eighty per cent of Edmonton’s pedestrian accidents in
the years 1982-1990 occurred in residential districts,
including the arterial streets which form neighbourhood
boundaries in much of the city. These accidents were widely
but unevenly distributed over some 150 neighbourhoods, which
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was sufficient in itself to suggest that differences in the
environmental characteristics of those neighbourhoods might
have a significant bearing on their relative safety.

To uncover the associations between pedestrian accidents
and the variability that built residential environments
display in their physical form, research hypotheses were
formulated and tested from three perspectives: (1) the safety
effects of general neighbourhood forms based on their classi-
fication into 5 type configurations; (2) the effectiveness of
planned circulation systems, both vehicular and pedestrian;
and (3) the influences of varying local environmental con-
figurations. The hypotheses relating to general neighbourhood
form aimed at proving the expected variations in pedestrian
accident rates among the different types of neighbourhoods in
Edmonton; while the hypotheses relating to planned circulation
systems and local environmental configurations were intended
to explain the variations in pedestrian safety among neigh-
bourhoods of different types, and also among neighbourhoods of
the same type.

With regard to general neighbourhood form, it was found
that planned neighbourhoods of all types are indeed safer than
unprlanned ones for pedestrians of all age groups; in fact,
even the partially planned modified-grid neighbourhoods are
safer, on average, than Edmonton’s grid neighbourhoods. It was
also found, turning to the various types of planned neigh-
bourhoods, that those of hierarchical organization are



units. The difference between them, however, shows up only on
their boundary streets, not in their interiors, as no signifi-
cant variations were determined in their mean intra-neighbour-
hood radestrian accident rates for any age group. This
signifies that inter-neighbourhood organization is an especia-
lly important factor in pedestrian safety, and that environ-
mental configurations that are designed tu minimize the risk
associated with pedestrian trips between neighbourhoods are
more effective than the changes that were made to the internal
street layouts and block patterns of conventional neighbour-
hood units. As a corollary to that conclusion, it was found,
contrary to original expectations, that hierarchically organ-
ized neighbourhoods characterized by superblocks and separate
footpath networks (i.e. the modified-Radburn neighbourhoods)
are not significantly safer than any other form of planned
residential development in Edmonton.

As far as the safety of children and the elderly are
concerned, it was found that all types of planned neighbour-
hoods are equally safe for elderly pedestrians in Edmonton,
but the neighbourhoods in hierarchical structures are defi-
nitely safer than the independently designed ones for children
of 5-14 years. This age group corresponds most closely to the
population of elementary and junior-high school students, who
are more likely to walk to school than senior-high school
students. They benefit particularly from the enhanced safety
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of inter-neighbourhood travel that hierarchical structures
appear to provide.

The relative safety effects of the different types of
neighbourhoods can be attributed to a large extent to their
distinctive street patterns. For example, grid neighbourhoods
have a higher street density, a higher intersection density,
and more entrances/exits than any other form of neighbourhood.
Besides, grid streets are straight and closely interconnected,
which gives them a high potential for through traffic. Most
street junctions are cross-intersections as well, by far the
most dangerous type of intersection in Edmonton. Given this
combination of features, it is scarcely surprising that grid
neighbourhoods have the highest mean pedestrian accident
rates. In contrast, street density, intersection density and
entry points are deliberately reduced in planned neighbour-
hoods of all types. More importantly, the stree.s are organ-
ized into well-differentiated networks of curvilinear form,
including numerous loop streets and culs-de-sac and a predomi-
nance of T-intersections. Reducing the number of neighbourhood
entrances/exits, particularly in the modified-Radburn and
cluster-plan neighbourhoods, seems to have been especially
important. It means that there are fewer intersections, fewver
crosswalks and fewer conflict points on boundary streets, and
that through traffic in neighbourhood interiors is minimized.

Following from this conclusion, although no variation wvas

found among the different forms of planned neighbourhoods with



regard to their intra-neighbourhood pedestrian accident rates,
superblocks and cluster blocks, which are standard in the
modified-Radburn and cluster-plan neighbourhoods, should still
be considered as superior to conventional blocks, even in
their irregular form. If nothing else, Edmonton’s combination
of superblocks and cluster blocks contributes to a further
reduction of street density, intersection density and the
number of neighbourhood entry points, all of which are

positively correlated with pedestrian accident rates.

culs-de-sac and T-intersections as environmental solutions vas
largely confirmed, that of separate footpaths was not. This
explains why the modified-Radburn neighbourhoods with separate
footpath networks do n  have lower mean pedestrian accident
rates than cluster-plan neighbourhoods, given that their land
use patterns, street patterns and block patterns are basically
the same. This also suggests that attempting to move pedes-

trians from sidewvalks to separate footpaths is much less

on internal neighbourhood streets. However, this result should
not be interpreted as conclusive evidence that the Radburn
concept has no safety advantage over the cluster-plan concept.

Rather, it may be a consequence of the modifications that vere

on Edmonton’s footpath networks is not channelled as closely
as the Radburn concept proposed, and all footpaths cross



streets (even arterial streets) at grade, pedestrians in
neighbourhoods of the modified-Radburn form can more readily
choose routes that follow and cross streets in the conven-
tional way.

In addition to the effects of the various street-related
features, variations in ;edesﬁrién safety among Edmonton’s
different types of neighbourhoods can be attributed to
variations in local environmental configuration, and espeacial-~-
ly to variations in local land use arrangements. Individual

neighbourhoods with the same general street patterns do not

rences of accidents in certain neighbourhoods, which are often
related to the spatial pattern of vehicular and pedestrian
traffic generators, explain some of the between-category dif-
ferences in pedestrian safety, especially between unplanned
and planned residential environments.

In the unplanned or grid residential areas in Edmonton,
the following 4 environmental features are closely associated
with those neighbourhoods that have the highest accident
rates:

(1) strip commercial development along thoroughfares

(2) linear arrangement of multi-family dwellings on

heavily trafficked streets

neighbourhood interiors and separate local service

facilities from parts of their service aresas



(4) incompatible land uses that attract external traffic.
It can certainly be said that were it not for these features,
the mean pedestrian accident rate for the grid neighbourhoods
would not have been as high as it is. Since these fesatures
bear so critically on pedestrian accidents, their general
absence (especially the first three) in planned residential
areas, and in the modified-grid neighbourhoods for that
matter, provides an important explanation for the lower mean
pedestrian accident rates there. In other words, planned
residential areas are made safer for pedestrians partly
occurring. Above all, commercial and apartment ribbons were
replaced by unified shopping centres and carefully designed
apartment clusters.

Although incompatible land uses are unusual in planned

residential areas, they still constitute an important feature

with relatively high pedestrian accident rates, most commonly
in the form of district or regional shopping centres. These
are regarded as incompatible in their host neighbourhoods or
communities because they serve larger areas but are poorly
segregated from the surrounding neighbourhoods to which they
drav large amounts of external traffic. Despite their negative
effects, however, they are much safer for pedestrians than

hoods adjoining

unplanned commercial ribbons, and neighbour
them are, in general, safer than those that include strip



commercial development.

In addition to incompatible land uses, there are other
local features of environmental configuration that relate to
a high incidence of pedestrian accidents in planned residen-
tial areas. Thus, in the areas consisting of independent
neighbourhood units, arterial streets with dwellings facing on
them or with major pedestrian trip generators (such as
shopping centres and schools) along them, make less safe
neighbourhood boundaries, even with service roads, than those
with reversed frontages. To turn this around, reversing the
frontage of houses abutting on arterial streets does have the
merit of reducing the occurrence of pedestrian accidents and
is, therefore, is an effective environmental solution. This
conclusion also lends further explanation to the differences
in pedestrian accident rates between the independently
designed neighbourhoods and those of hierarchical organiz-

ation. In the latter, peripheral houses along arterial streets

and major pedestrian trip generators are deliberately pre-
vented from locating on arterials. Partly because of these
features, the hierarchically organized neighbourhoods in
general have lowver pedestrian accident rates and lower
proportions of accidents on their boundary streets, than do
independent neighbourhood units.

Pedestrian accident rates also vary among the neighbour-
hoods of hierarchical organigzation, but to a much lesser



extent than among those of other types. Although there is
evidence that elongated community shape and incompatible land
uses are both associated with a relatively high incidence of
pedestrian accidents in this particular type of residential
environment, the effects of the former are not as clear cut,
since a number of neighbourhoods that also form elongated
communities have low accident rates, while a few belonging to
compact communities have relatively high rates. This result
demonstrates that environmental factors alone cannot explain
the incidence of all accidents; wvhen frequencies are low and
spatial patterns indeterminate, pedestrian accidents were more
likely to have happened randomly, and should be attributed to
other factors, especially human behaviour.

In sum, the thesis reveals that the various planning
efforts to enhance pedestrian safety through environmental
solutions have by and large been successful in Edmonton’s
residential development. Generally speaking, the modified-
Radburn and cluster-plan neighbourhoods that form units in
hierarchical structures, provide the safest residential
environments for pedestrians. Their safety effects mainly
resulted from the adoption of the following environmental
solutions:

(1) organizing residential streets into functional
hierarchies, together with the maximum practicable use of loop
streets, culs-de-sac, and T-intersections;

(2) minimizing street density, intersection density and
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especially the number of neighbourhood entry points, along
with the employment of superblocks and cluster-blocks as the
standard block patterns;

(3) reversing peripheral houses so that they do not front
on arterial streets;

(4) arranging local service facilities so as to minimize
the number of streets (especially arterial streets) that
pedestrian users from their service areas have to cross to
reach them, such as combining schools and playgrounds with
dwellings in superblocks, and hierarchically organizing those
facilities that need the population of more than one neigh-
bourhood to support them in accordance with their intended
service areas and with street hierarchies.

Finally, it is worth observing that the findings from the
European studies reviewed in Chapter 2 are largely proved by
the thesis rerearch in the Canadian context. The main excep-
tion is that there is no evidence in the Edmonton case that
where separate footpaths are provided, pedestrian accident

rates are at the lowest level of all.

9.2 Limitations of the Research

While the stated objectives of the thesis were fulfilled,
it is not claimed that the resesarch represents a complete
investigation into relations between pedestrian accidents and
the residential environment. Three limitations are particular-

ly important. First, no systematic observation was conducted



into pedestrian behaviour in relation to different environ-
mental features. For example, it was assumed in the thesis
that commercial ribbons and apartment strips are hazardous for
pedestrians because they generate more cross-street pedestrian
trips than normal streets do. But the actual behaviour of
pedestrians on these streets was not investigated, nor was
there information on their actual flow patterns. As a result,
the considerable variations in pedestrian accident densities
among commercial ribbons and among apartment strips (see
Tables 8.2 and 8.3) could not be explained. Similarly, it is
not clear how pedestrians in general perceived the footpath
networks behind houses or through parks in Edmonton’s mod-
ified-Radburn neighbourhoods, and whether the separate foot-
paths were being regularly used by pedestrians in the intended
manner.

Second, no data could be found to demonstrate whether
there are significant differences between suburban neighbour-
hoods and inner-city neighbourhoods in terms of the proportion
of school-age children who are bused to school. As was
mentioned in Chapter 8, suburban neighbourhoods in Edmonton
be provided as the population grew to require them. Some
neighbourhoods still do not have a public elementary school of
their own, though school sites have been reserved for future
development. For the research problem, this means that it is
possible that the proportion of children being bused to school



is higher in suburban neighbourhoods than in inner-city
neighbourhoods, thus contributing to the relatively low
pedestrian accident rates of school-age children there. School
closures must have altered journey-to-school patterns as well,
and so may have affected pedestrian accident rates in some
neighbourhoods. More generally, these points underline the
problem that the thesis presented of having to interpret
pedestrian accident patterns without definite information on
numbers and types of pedestrians or their reasons for walking.

Third, because pedestrian accident records from the
Edmonton Transportation Department do not report where the
victims lived, the thesis research could not distinguish
between accidents to residents and non-residents. For
instance, there were accident clusters around such incompat-
ible land uses as Northlands Coliseum-Exhibition Grounds,
Commonwealth Stadium and West Edmonton Mall (see Figures 8.1
and 8.9), but some of the victims could have been non-local
visitors or spectators. This complication has the potential to
affect the use of pedestrian accident rates that were calcu-
lated using all accidents in each of the study neighbourhoods,
wvhere the aim was to compare the relative safety of the five
types of neighbourhoods for their residents.

In future research, behavioural studies should be
included to gain a closer understanding of how pedestrians
behave in different types of built enviromment, or how they

respond to different normative environmental solutions geared



towvards their safety. Bshavioural studies, for example, may
provide further explanation for the result that the separate
footpaths in the modified-Radburn neighbourhoods in Edmonton
do not show any safety advantage, when in theory they should.
Studies at a local scale would be useful in disclosing the
safety effects of individual environmental features such as
commercial ribbons and shopping centres by taking pedestrian
behaviour into consideration, thus contributing to a more

different environmental configurations.

9.3 Recommendations

The conclusions reported in Section 9.1 lead to the
design:

1. Area-wide environmental solutions are more effective
than localized measures. In order to create residential
environments that are safe for pedestrians, residential areas
should continue to be planned following neighbourhood unit
principles, with curvilinear streets and limited accesses.
However, since it is uneconomical to make each neighbourhood
unit functionally self-contained, sharing of local service
facilities by adjacent neighbourhoods is necessary and inter-
neighbourhood pedestrian trips are therefore unavoidable. "If
that part of the journey from home to destination that lies
outside the immediate neighbourhood cannot be made safely and
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easily by bike or on foot, the environmental and safety gains
made inside neighbourhood traffic calmed areas are unlikely to
be fully utilized"™ (Tolley, 1989:73). For this reason,
individual neighbourhoods should be deliberately configured to
form communities following the principle of hierarchical
organization. No incompatible land uses that generate heavy
external traffic, including regional shopping centres should
be incorporated into communities.

2. Having service facilities within walking distance is
a key indicator of local quality of life (Hanna, 1990). Since
low residential densities lead to wide geographical spread of
service facilities and thus dispersed patterns of activities,
they encourage unrestrained car use and generate aextra
vehicular traffic in residential settings. To reduce the
physical distances of local service facilities from homes and
encourage wvalking, residential densities should be increased.
Moreover, elongated (or oversized) communities should be
avoided. The optimum size of a community should be three to
four neighbourhoods, with compact shapes, unless local terrain
does not permit such an arrangement. Smaller communities
generate lower volumes of intra-community traffic on both
neighbourhood collector streets and the neighbourhood boundary
streets within communities.
ribbons for the spatial organization of retail and commercial
service facilities. At the neighbourhood level, these can be



open centres, with various shops grouped around an off-street
parking bay. District or regional shopping centres should be
well insulated from their adjoining neighbourhoods. Entrances
to rear parking lots should not be provided from internal
neighbourhood streets which directly serve dwellings. For the
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a bus bay should be provided on the mall side of the street
for buses travelling in both directions to collect and deliver

assengers, so that bus riders do not have to cross the

o

flanking arterial street when coming to and leaving the mall.
Strip commercial development can be justified only if it is
pedestrianized, where all vehicles are banned except public
transit, or if it has shops on one side of the street only
with a service road to separate pedestrian shoppers from fast-
moving through traffic.

4. Avoid 1locating schools and shopping centres on
opposite sides of the same arterial street, as such a land use
arrangement induces students to jaywalk. They can purchase a
snack and run back to classrooms within the time of a recess.

It is often when they run to the shops or run back to their

classroom that the students are at great risk of accidents.
Under such circumstances, no form of traffic control device
will be really effective.

Also avoid locating senior citizens housing and shopping
centres on opposite sides of the same arterial strest, since

it is too demanding for the elderly to have to cross an



arterial street every time they visit a shopping centre.

S. Multi-family dwellings should be clustered around
courts adjacent to collector streets. A linear arrangement of
apartment buildings and townhouses along arterial streets
should be avoided, even with service roads.

6. Streets in residential areas should be laid out with
a definite hierarchical order. On the arterial streets forming
community boundaries, priority should be assigned to vehicles.
In order to channel through traffic efficiently, arterial
streets can be laid out in grid forms. To reduce pedestrian-
vehicle conflicts, peripheral houses should be reversed with
buffers, neighbourhood entrances/exits strictly limited, and
all pedestrian trip generators removed from arterial streets.

on collectorized neighbourhood boundary streets and
especially neighbourhood collector streets, accommodation of
pedestrians must be considered. These streets should curve to
reduce vistas and hence discourage speeding. On-street parking
should be regulated and front-drive garages removed (unless
service roads are provided) because they interrupt desired
traffic flows on collector streets and pedestrian movement on
sidewalks.

Access streets should be laid out in the forms of short
loops and culs-de-sac. Curb parking and front-drive garages
are suitable on access streets because speeding is less likely

to be a problem there. In cluster-plan neighbourhoods with



for pedestrians. Connecting footpaths ought to be provided as
shortcuts to schools and playgrounds, to divert pedestrians
from streets and to make their routes as direct as possible.

7. Though cross-intersections have more conflict points
than T-intersections, they are more efficient for channelling
straight-through traffic, and so are the preferred form of
intersection on arterial streets. However, they should be
fully controlled with traffic lights to clearly assign right-
of-way to pedestrians as well as to vehicles travelling in
different directions.

On lower level streets, especially where fast-moving
vehicles are unwanted and traffic lights are not warranted, T-
intersections are preferred because they have fewer conflict
points. Acute-intersections should be avoided; so should
traffic circles.

8. In general, superblocks and cluster blocks (laneless
subdivisions) are preferred to conventional blocks, because
they naturally lead to low street density and low intersection
density. They also eliminate the points of conflict between
pedestrians and vehicles at the backlane openings associated
with conventional blocks. When multi-family dwellings are
combined with schools, playgrounds and community league halls
on the same superblocks, cross-street pedestrian flows can be
considerably reduced. Conventional blocks with backlanes and
rear garages can be employed along collector streets, so that
normal traffic flows (including buses) on collector streets



will not be interrupted by the vehicles entering or leaving
the front-drive garages associated with cluster blocks.

9. If complete segregation of padestrians from vehicles
is not planned with grade-separated crosswalks, it is not
worth developing extensive footpath networks. However,
discontinuous footpaths should be provided as shortcuts to
connect culs-de-sac to sidewalks on collector streets and to
playgrounds and schools in superblocks.

If sidewalk networks are provided as the only form of
pedestrian facilities, superblocks and cluster blocks should
not be too large, so that pedestrians would be forced to
follow indirect routes, or go out of their way to reach a

traffic-controlled crosswalk. In front of schools and shopping

be provided, preferably in the form of a "speed-table". Raised
to the level of sidewalks, speed-tables allow easy crossing by
pedestrians and increase their visibility.

Shared surface streets (integration) are not recommended,
except for short culs-de-sac, where light pedestrian movement
does not justify the cost of providing sidewvalks.

10. Finally, public policies should be formulated and
adopted that appropriately balance the rights of motorists and
pedestrians. Such policies are needed to justify some of the
environmental solutions recommended here, since ocertain
measures geared to pedestrian comfort and safety often require

some sacrifice of motorists’ convenience. The recommendation



of designing collector streets in curvilinear forms and
providing speed-tables are examples. Without an unambiguous
statement of pedestrian rights in the form of a charter or
statute, the implementation of environmental solutions may
encounter strong opposition from those taxpayers who are fond

of driving and have li.ile sympathy for pedestrians.
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Appendix 1

statistical hypotheses and F-test result using the

Hypotheses

Computed
F-ratio

=Qa-n=:inn ;:aidnnt rlgii ger ahi;é:-n 0-4 years old

c:itiﬁll
F-ratio

D-ailian

ii—fgjggig.igg

at least two

means are
~_different

Appendix 2

reject H,

statistical hypotheses and t-Test results using the

Hypotheses

i-ﬂ-ltriln laaid-nt :lt.i !ag ahildr:n ﬂ-l

Computed
t=valus

Critieal
t=value

ears old

Dcci:ign

Hy: R,~%
H;a =

2.47

1.67

reject H,

Hp:
H;:

2.42

reject H,

Hot R,=%
H,¢ X

Hot R,
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Ho: .
Hli 3 '77

Hyt RS
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Appendix 3

Sstatistical hypotheses and F-test result using the

Computed
PF-ratio

nedestrian accident rates for children $-14 years o0ld

Critical
F-ratio

Decision

Hy: R,=R;=Ry=R, =R,
H,: at least two
means are
different

37.60

Appendix 4

2.37

reject H,

statistical hypotheses and t-Test results using the

Computed
t-value

nedestrian accident rates for children 35-14 years old

Critical
t-value

Decision

3.76

1.67

reject H,

reject H,

reject H,

reject H,

reject H,

S S S A B

reject H,

reject H,

reject H,

reject H,

o S A T

do not
reject H,
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Appendix §

Gritical
r=ratio

statistical hypotheses and F-test result using the
-odoutrinn,:eaia-nt rates for ahilizqn 15-19 years old

Hp: R,=R,=Ry=R,=R,
H;: at least two
means are

different

Appendix ¢

Computed
t-value

Critical
t=valus

statistical hypotheses and t-Test results using the
pedestrian accident rlt-- for ahildr-nf_l-ll years old

Dnéilianiﬁ

1.59

do not
reject H,

reject H,
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Appendix 7 ,
statistical hypotheses and F-test result using
adult-pedestrian accident rates

Hypotheses if, | Computed | Critical | Decisios
if, | F-ratio | F-ratio

Ho: R,=R;=R,=R, =R,
H;: at least two
means are
different

Appendix 8 ,
statistical hypotheses and t-Test results using

adult-pedestrian accident rates

Hypotheses | Sig. Df. | Computed | Critical | Decision
level __|t-value | t-value -
: R,-%,$0 0.002 |59 3.03 1.67 reject H,
! R,-%,>0 - 1
Hy: R,-R%,50 0.000 | 50 5.72 1.68 reject H,

reject H,




Appendix 9

statistical hypotheses and F-test result using

Hypotheses

elderly-pedestrian accident rates

Computed
P-ratio

Critical
F-ratio

Decision

R =R, =Ry=R =R,
at least two
means are
different

19.42

Appendix 10

2.37

reject H,

Statistical hypotheses and t-test results using

Hypotheses

elderly-~-pedestrian accident rates

Computed
t-value

Critical
t=-value

Decision

R,~R,S0
®,~R;>0

2.99

1.67

reject R,

81-8350
23-2;>0

1.67
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R;-R‘SO
R;-&>O

1.67

reject H,

R;-R:,S0
gl-!’>°
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reject H,

!3-!;5 0
ai-gg> 0

1.70

reject H,

R,~R,$0
R;~R,>0
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!3-255 0
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reject H,

Ry=RsSO
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, Appendix 11 ,
Statistical hypotheses and P-test result using the
intra-neighbourhood pedestrian accident rates
for children 0-4 years old

cfiéié;ir

Hypotheses

Hy: R, =R;=Ry=R,=R,

H,: at least tvo
mneans ars
different




Appendix 12
Statistical hypotheses and F-test result using the
intra-neighbourhood pedestrian accident rates
_for children 3-14 years old

Computed | Critical
F-ratio | F-ratio

Hypotheses
il_ggﬁg;!ii!gs
at least two
means are

) Appendix 13 )
Statistical hypotheses and t-Test results using the
intra-neighbourhood pedestrian accident rates

___for children $5-14 years old

. | Computed | Critical
| t-value | t-value

1.67 reject H,

réjict H,

reject H,

77777 reject ﬁ.r

reject H,

reject H,

reject H,

do not
reject M,




Appendix 14
ltltiitiagl hypethi:ll and F-=test fi:ult uiinq the

Hypathnl!:

Hg H gjigglﬁgigg!gg
H,: at least two
means are
~ different

Appendix 13
statistical hypotheses and t-Test results using the
intra-neighbourhood pedestrian accident rates
fgfrghildr-n A5-19 years ald

Hypotheses | Df. | Computed Eritical Decision
ave) t=value t-value

Hg: i1?2359 0.02] - 2.09 1 Eijiet Hn
Hy: R,-%,>0
: gl*ggig
! R -Ry>0
Hg: S;ESQSQ
;: R,-R.,>0
3 gliggsa
: X-%,>0
R;-R,50




S Appendix 1s ,
Statistical hypotheses and F-test result using the
~ _intra-neighbourhood pedestrian acocident rates for adults

Hypotheses 8ig. | d4f, | Computed | Critical | Decision
level | df, | F-ratio | F-ratio

! R=R,=R,=R,=R, | 0.000 | 4 8.39 2.37 reject H,
H;: at least two 148
means are

Appendix 17 )
gtltiggiagl hypotheses and t-Test results using the

pedestrian accident rates for adults

Hypotheses ig. : Critical
level t-value t-value

Hy: R,=R;s50
Hig 21‘23}0

Hy: R,~R,50 . 00 | . 66 reject H,
Hy: %,-%,>0

Hgg E;—iiiﬁ .00 A : 3.35 . 68 rij ect Hg
Hy: %,-%,>0 N ,,,,,,,
Hyt R,-R,50 . 005 b 2.6! 1.68 reject H,
H: %;,-R%,>0 , - -
Hy: 2332359 D. 055 3¢ 3-r - do ) “ﬁt ]

reject H,

Hy: R;-%350 7 ,
ot R;-R,S0 0.024 33 2.1 2 reject H,
}_R;-R,>0

Hy: R,-R,50 D.050 31 .68 1.73 do not
13 %;-R:>0 o reject H,

Hy: R,-%,50 7 5’ do not
H;: %,-%,>0 1 ) reject H
2,-%,$0 D.550 | 57 D.11 . do not
_%;,-%,>0 . reject H,
Hy: Ry~%,50 0.230 | 5] D.74 1.68 do not
Hy: Ry=%,>0 , 7 - jﬁ;t Hy




Appendix 19
statistical hypotheses and F-test result using the
intra-neighbourhood p;diitﬂli accident rates

Hot R =R =Ry=R,=R,
H;: at least two
Beans are

different

Appendix 19
statistical hypotheses and t-Test results using the
intra-neighbourhood p-dnerin accident rates

E‘ritianl Dca:llign
, — : le__ | t-value
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Appendix 20

Statistical hypotho-o. and F-test result

Hypotheses

Computed
P-ratio

critical
F=ratio

Hot !,-R,-R,-R.-R,
H,: at least two
means are
different

30.66

Appendix 21

Statistical hypotho-o. and t-test results

Hypotheses

Computed
t=-value

Criﬁicll
t-valus

7E-Eil1§ﬂ

. xx-gzso
R;-}go

3.29

l1.68

reject H,
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R;—Rgo
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rljlct Hn
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:qﬁqétrﬂ.
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do not
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reject H,
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, Appendix 22 7
statistical hypotheses and F-test result using

intersection density

, Appendix 23 )
statistical hypotheses and t-test results using

Intersection Densit)

Hypotheses 8ig. | df, | Computed | Critical
level | af, | F-ratio | P-ratio
Hot R,=R,=R,=R,=Rs [ 0.000 | 4 50.37 2.37 reject H,
H;: at least two 148
means are
different

Hypotheses | 8ig. Df. | Computed | Critical | Decision
_ level 7t:valg-ﬁf t-value B

Hyt R,~R;S0 0.000 |32 4.72 1.70 reject H,

Hy: R,-8;>0 _ ) _ -

Hot R,-R,S0 0.000 | 76 9.35 1.67 reject H,

H,: ’1-33?9 _ _ - i _

Hy: R,-%,50 0.000 |73 11.49 1.67 reject H,

H,: *1‘2;:"9,,7 _ _ o 7

Hy: R, -%,s0 | 0.000 |56 10.48 1.68 reject H,

Hy: R,-%,>0 . ] _ — —

Hot R;~Ry50 0.014 | 28 2.24 1.70 reject H,

Hp: R;-R,>0 — ] _ I R

Hy: %,~%,50 | 0.000 |28 4.16 1.70 reject H,

Hy: %,-%,20 - = ~

Hy: R,-%,50 |0.000 [30 |4.44 1.70 reject H,

“;3 ’fg;i‘a — B _ - B -

Hy: R,-%,80 | 0.004 |68 2.69 1.67 reject H,

Hy: %;,-%,0 — — — -

Hyt R;-R,50 0.000 | 48 3.36 1.68 reject H,

Hy: X,-Ry>0 _ - _ _

Hyt R,-%,50 [0.177 |47 0.94 1.68 do not

H;: R,-%y>0 reject H,



Appendix 24
Statistical hypotheses and F-test result using the
number of lli!hb@“fhﬂﬂﬂrinﬁrilaii igiti

7 Hypathn--- . ) Computed | Critical
B ; | F=ratio | F-ratio

: gligg-i;-ggsgs
at least two
WmeaAns are
different |

Appendix 3!
Statistical hypotheses and t-test results using the
nu:;c: af nni?hhaurh nt::na:: -xiti

Hn‘"

Computed | Critical B-ailian
t—vaig;i: 1

3.78 1. 68 reject H,

Hn- RI-ESSG
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H@i 31!8559
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