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AN IMPORTANT NOTE FOR THE READER

The research detailed in this report was commissioned by Transit New
Zealand when it had responsibility for funding roading in New Zealand.
This is now the responsibility of Transfund New Zealand.

While this report is believed to be correct at the time of publication, Transit
New Zealand, Transfund New Zealand, and their employees and agents
involved in preparation and publication, cannot accept any contractual,
tortious or other liability for its content or for any consequences arising from
its use and make no warranties or representations of any kind whatsoever in
relation to any of its contents.

The report is only made available on the basis that all users of it, whether
direct or indirect, must take appropriate legal or other expert advice in
relation to their own circumstances and must rely solely on their own
judgement and seek their own legal or other expert advice.

The material contained in this report is the output of research and should
not be construed in any way as policy adopted by Transit New Zealand nor
Transfund New Zealand but may form the basis of future policy.
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EXECUTIVE SUMMARY

Social severance is the term used to describe the effects that roads and
traffic have on the social interaction within the "community”. Impacts such
as the reduction in walking trips that involve crossing busy roads have been
observed by many researchers, and the existence and significance of social
severance is well recognised by the public. However, in the analysis of
transportation projects, and in particular roading projects, the impact has
received little attention due to its complex nature.

From a review of selected literature the following definition of social
severance has been developed:

“...the divisive effects that result from the provision and use
of transport infrastructure”.

The definition is considered to encompass three key issues relating to social
severance. Firstly, that the communities are far broader than those defined
by geographic location and are formed around the activities that people take
part in. Secondly, that the impact on activities within a community may be
enhanced or reduced by the provision of and use of transport infrastructure
and that some existing social severance may already be present. Thirdly,
that social severance effects may be described in terms of two main
mechanisms: physical severance, that relates to the direct effect on trips that
encounter a barrier, and psychological severance, that stems from feelings
of being cut off.

The study of social severance is inextricably linked to two other concepts:
accessibility, which considers the opportunities to participate, and mobility,
which is the ease of movement.

Research has shown that the burden of social severance falls most heavily
on those groups of low mobility for whom walking is the principal form of
transport. These groups include children, the elderly and people with
disabilities.

Although no single measure of social severance effects has been identified,
a number of measures or indicators have been considered. These tend to
target particular aspects of social severance. Measures that assess
community cohesion and stability are useful in identifying the potential for
psychological severance. By considering aspects such as time spent living
in a community, ethnic ties, and employment or other activities, it is possible
to identify where a proposed road would sever a community and what
psychological severance will result. In addition to these, measures such as
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delay and perceived danger consider the impact of specific barriers that
cause physical severance. Measures of accessibility span both psychological
and physical severance and consider the opportunities that are available for
people to engage in activities. Such measures incilude the number of
opportunities, such as employment, that may be accessed in a given travel
time.

When using any of these measures, it is important that the scope of what is
included and excluded be identified in order to reduce concems over double
or under counting.

Physical severance effects are identified as being most readily evaluated.
The key components are increases in journey costs which result from having
to make longer trips to go around a barrier or the increased delay associated
with crossing a busy road. These effects are most likely to be felt by "able
bodied" adults. However, the effects of perceived danger will impact more
on sensitive groups such as children, the elderly and the mobility
disadvantaged.

A pilot study undertaken in 1995 used the question "would you allow your
child to cross the road unaccompanied at this location”, as a means of
measuring the perception of danger. A model that relates the probability of
a child being allowed to cross the road, unaccompanied, to the characteristic
of the road and its traffic has been developed. It was found that parents
knowledge about a site, the age of the child in question and the traffic
volume and speed were the most significant variables. However, when
considering only people who frequently passed a particular site the effect of
traffic speed was reduced significantly. From this data a model which
includes age and traffic volume effects has been developed. The model can
be used to investigate the effect of perceived danger on the mobility of
children and to assess potential severance effects.

A framework for assessing social severance suitable for use in New Zealand
has been proposed. This follows the consideration of components of social
severance, the available measures and a review of the assessment procedures
developed in Denmark, Sweden and the United Kingdom. The key elements
of this framework are the:

. Identification of social severance potential through the
consideration of travel patterns and demands;

. Separation and valuation of the direct costs of social
severance which result from increased journey distances and
times, together with the suppression of trips due to perceived
danger; and
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. Use of proxy measures to indicate the significance of the
intangible components.

This framework is recommended for adoption in New Zealand, and it can
be used to calculate some of the direct costs associated with social
severance.

There are further issues that if addressed would improve the assessment and
evaluation of social severance effects.



ABSTRACT

Social severance is the general term applied to the negative effects that roads
and their traffic have on social interaction. In particular it relates to the
imposition of barriers that deter people’s movements. This social severance
has been identified as an important impact that requires consideration as part
of the assessment of major roading schemes. From a review of selected
literature a working definition of social severance has been developed and
the key attributes of the impact have been identified.

The literature reviewed has shown that the burden of social severance falls
most heavily on those with limited mobility. This includes groups such as
children, the elderly and people with disabilities for whom walking is a
particularly important form of transport.

A number of different severance effects have been identified. The principal
components of social severance are physical severance which relates to the
direct effect of a barrier on trips that are being undertaken, and
psychological severance meaning the “"feeling” of being cut off.

A number of possible indices and measures are outlined. These can be used
to identify situations where severance impacts are likely, and to assist in the
quantification and reporting of the impacts.

In addition to the direct effect of delay to pedestrians, as they cross a busy
road, the feeling of danger that is associated with a road are an important
"barrier” effect. In 1995 a pilot study was undertaken to develop a measure
of the perceived danger. The resulting model is proposed as a tool to assess
the direct effects of the perceived danger.

Using examples from Denmark, Sweden and the United Kingdom, a

framework for the assessment of severance impacts has been developed for
use in New Zealand.
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1 INTRODUCTION

Social severance is the general term applied to the negative effects that roads and their taffic
have on social interaction. In particular it relates to the imposition of a barrier that deters
people from making trips. The effect of social severance has been identified as an important
impact that requires consideration as part of the assessment of major roading schemes. It has,
however, received insufficient attention due to its complexity.

The intention of this report is to provide those involved in the assessment of transport projects
with an understanding of severance, guidance as to possible tools for use in identifying where
the impact will be significant, and methods to assist in the quantification and reporting of the
impacts.

Social severance as a phenomenon comprises a complex mixture of severing mechanisms,
While a number of studies have considered the issue of social severance, generally termed
severance, there has been a tendency for each to concentrate on a limited number of severing
mechanisms. The result is that an incomplete picture of social severance is formed and
questions are raised about the adequacy of the assessment.

Within this report a distinction has been made between the term “social severance”, which is
deemed to embrace the whole of this complex impact, and “severance”, which is used,
generally with an adjunct, to describe a part, such as physical, psychological or direct, of the
impact.

Furthermore, this convention more readily accommodates the referencing of other work which
generally use the term “severance” alone.

A framework for the assessment of severance impacts has been developed and it is proposed
that this be included in the Transit New Zealand Project Evaluation Manual.

This report provides the background to that development and is intended as a users document
providing amplification of important issues and further references for use by analysts.

Section 2 presents a review of selected literature, and develops a definition of the impact and
identifies the components of severance. Section 3 looks at ways to identify the potential for
social severance, measures that can be used to quantify the magnitude of the impact. The
section has a list of selected case studies.

Examples of how three countries, Denmark, Sweden and the United Kingdom, incorporate
severance effects with their respective Impact Assessment and Project Evaluation frameworks
are outlined in Section 4. In the latter part of this section the key elements of each method
are used to specify the attributes of a framework for use in New Zealand. The framework is
built on the separation of components that have the potential for direct economic valuation and
those which should remain within the non-monetary assessment.

Section 5 describes a pilot study into the effect of roads and their traffic on the independent

mobility of children; and a model of the perception of the danger posed by a road is
developed. This model may be used to estimate the potential for trip suppression or mode

11



change that may result from the imposition of a barrier. A variation of the model is proposed
as a part measure of the less tangible components of social severance.

Section 6 draws together the preceding material to develop an Evaluation Framework suitable

for use in New Zealand. Sections 7 and 8 provide a summary of the findings and
recommendations for future work, respectively.

12
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2. THE PHENOMENON OF SEVERANCE

Social severance as an impact has been identified and developed over many decades. In the
1960s and 1970s, urban planning studies (Appleyard and Lintell 1969, Buchanan 1963) sought
to investigate the phenomenon. The effect of increases in traffic volume on social interaction
is shown in Figure 1 (Appleyard and Lintell 1969), which has formed the basis of many
discussions of “severance”.

Later studies (Lee and Tagg 1975 and 1976), considered the changing "shape" of a
neighbourhood that results from the provision of major roads. The outcome of that study was
the identification that traffic changed social interaction and that it should be possible to derive
measures or indices which indicate the magnitude of the effect. Furthermore Lee and Tagg
concluded:

“the effect is time dependent and existing severance may already be reflected
in social activity”.

These studies showed that with increasing traffic volumes, either through "natural" increase
or the provision of a new road, trips crossing the road/traffic barrier were decreased. Each
concluded that "severance" was a real and observable phenomenon that disrupted social
interaction.

2.1  Development of Social Severance as an Impact

The effect on social interaction that results from increases in traffic volumes on existing roads
or the construction of major roads is observable. The translation of these observations into
a definition of social severance is difficult. As a result the definition of severance has
changed considerably over time. That a specific universally accepted definition has been
difficult to identify is symptomatic of the observation (Clark et al 1992) that:

"... (severance) has received insufficient attention due to a lack of
understanding of a complex issue”

Discussions of social severance abound and consequently so does the scope of any associated
appraisal. It is worthwhile reviewing the historical development of discussions and social
definitions of severance (Clark et al 1992) in order to identify the range of effects that are
available for consideration.

Prior to the development of transport infrastructure, “severance” did not constitute a problem.
With the arrival of canals and subsequently rail, the impact on farming units was identified
and the need for mitigation measures developed.

As transport facilities increased, areas of land were divided and the usefulness of broken
economic units, farms, etc was considered as severance. The early studies of the 1920-1940s
considered the separation of activities, principally the work place and residential location. By
the late 1960s and 1970s, the effect of traffic on social interaction had been identified and
became known as “severance”.

13



Figure 1.

The effect of traffic on social interaction.

Taken from Appleyard and Lintell (1969).
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The shift in emphasis from land use separation as a prime contributor to severance, to the
imposition of a barrier is important and results in the consideration of social severance.

A separation within the definition of social severance occurred as a result of consideration of
the mechanisms which were thought to effect interaction. Two distinct mechanisms were
identified by researchers (Lassier 1976, Grigg and Ford 1983) and termed physical and
psychological severance.

Physical severance can be described as the direct effect, the need to travel
additional distance, or the additional time to traverse a barrier, whilst

Psychological severance considers the relationship of barrier effects and the
feelings of being cut off.

Although quite different impacts are associated with each type of severance one study (Lee
and Tagg 1976) suggested that a common methodology might be employed in evaluation of
both mechanisms. Their investigations were based on an analysis of the changes in knowledge
about one's neighbourhood that occurred following the construction of a major road in the
study area. The assessment was based on the identification of landmarks and an analysis of
trips, in order to define the boundaries of the "community". An important outcome of the
study was that the effect of social severance decreased over time.

2.2 Comununities

Typically studies of severance effects considered communities where the cohesion and
function were disrupted. Prior to Lee and Tagg, early investigations (Jacobs 1961, Buchanan
1963, Appleyard and Lintell 1969) considered "street communities”, a population which either
by choice or circumstance sought a great deal of social interaction within a confined, defined
physical environment. In contrast, the Urban Motorways Committee, established in the United
Kingdom (Urban Motorways Committee 1972, Clark er al 1992), rejected the idea of a
physically defined community. In reporting, the Committee concluded:

"Most urban communities are to some extent amorphous."

The idea of a community, not necessarily a geographic entity, cannot be dismissed. It is most
likely that within a high mobility population, such as New Zealand, people are members of
more than one "community”. These may not necessarily be based on a defined residental sub
area having a single commercial focus. As an example a person may be a member of a
particular group, such as a tramping club, church group, sports group, choir or cultural group.
Their social interaction is a result of their mobility/accessibility as they travel to work,
meetings and activities. At another level they are members of communities based on the street
in which they "live", or the place where they work.

Given the demand for mobility, which can be seen through the levels of car ownership and
the preference that people have for using private transport, it may be concluded that people
value their ability to choose the communities that they are a part of. The Kyeemag-Chullora
Road Inquiry in New South Wales (Kirby 1981) considered the extent to which a geographic
community could be identified as an underlying measure of the susceptibility to social
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severance. This is consistent with the conclusion of others (Burt 1972, Kaplan 1972, Lee and
Tagg 1976) that highly mobile communities are less susceptible to social severance.

It is the demand for mobility and associated choice that has given rise to social severance. The
issue of choice is important, however, the desire to choose does not lessen the arguments of
"livable streets".

For groups, such as children, the elderly or the mobility disadvantaged, communities are most
likely to be geographically constrained and the “"local” effects of traffic, which results from
the mobility and accessibility others, may have a major impact on the "size", location or form
of their community. It is obvious that increased mobility and accessibility for one group will
impact on another and that groups of low mobility status, and in particular the young and
elderly for whom walking is a prime mode of transport, will be most heavily impacted on.

2.3 Definitions of Social Severance

Possibly one of the most authoritative groups to consider the issue of social severance was the
Urban Motorways Committee (1972). Having rejected the idea of a community, as a
geographicaily identifiable and socially cohesive group with strong interlinked activities, the
Motorways Committee adopted the following definition for social severance:

The sum of the divisive effects a major urban road scheme may have on the
inhabitants of the previously linked areas either side of it.

While more holistic in terms of the effects considered, the definition remains somewhat fixed
both in terms of defining the impact groups and the facility. There is also an implied
restriction on the locations that might suffer social severance. The definition also contains
some assumption about the need for existing linkages, thus limiting the scope to increases in
severance and not decreases, and may also be seen to preclude some elements of
psychological severance.

To combine both physical and psychological severance into a definition of severance that was
independent of the severing facility or "catchment” the following definition was developed
(Tate 1993a). Severance:

"...the divisive effects that result from the provision and use of transport
infrastructure”.

This definition is favoured because it not only encompasses the issues of existing severance
and reduction in severance, but does not suggest a nett value relationship, nor does it imply
only quantifiable or monetary components.

2.4 Discussion of Definition

Having specified a definition, the analyst is faced with the problem of establishing a
methodology to determine the extent of "disruption" or divisive effects.

16
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A "catch all" definition is not considered to be particularly useful when attempting to
determine and compare the magnitude of severance issues. It is, however, possible to
disaggregate the severance concept into more manageable parts and then identify possible
impact measures, indices or proxy indicators that are appropriate for each component.

2.4.1 Physical Severance

The split between physical and psychological severance has been identified above. However,
within the area of physical severance a further disaggregation of effects was proposed (Tate
1993b). This is outlined in Figure 2 for which the following definitions are provided:

i) Mobility
"...the ability of an individual or type of individual to move about".

It is the ease of making a journey. Mobility relates to the atributes of the individual,
as well as the availability of facilities. For example:

. Walking or cycling may not be available to the very young, the elderly, or to
those with particular disabilities;

. For the young the "licence”, or permission, that is held to undertake an activity
(e.g. to cross the street or use public transport unaccompanied, or to drive) will
affect mobility;

. A car may not be available to the person, either as driver or passenger;
. An individual may not be able to afford the fare of taxi, train or bus; and
. How knowledgeable a person is about the transport options available.

The second aspect of mobility relates to the performance of the transport system:

. How well does the transport system connect to the activities?
. Does it run at suitable times?
. Is it reliable?

(ii) Accessibility

"...is concerned with the opportunity that an individual, or type of person, at a given
location possesses to take part in a particular activity or set of activities”.

It is the "ease of reaching”, and is related to:
. The spatal and temporal distibution of the activity set relative to the starting

point; and

17



The attributes of physical severance defined by Tate (1993b).

Figure 2.
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. The mobility of the individual.

(iii) Amenity Issues

Loss of amenity or the development of a feeling of general unease may result from
real and perceived effects. These may include feelings of danger, traffic noise that
makes conversation while walking difficult, the smell of exhaust fumes, rubbish and
loss of a pleasant vista or other amenity value. In relation to children, it may be that
parents do not consider the length of a walk to school, but they certainly consider the
number and type of roads that will need to be crossed.

Research in the United Kingdom (Morton-Williams er al 1979, May et al 1985)
identified that aspects of perceived danger were the most commonly cited concern
related to roads and their traffic, followed by noise and then fumes and pollution.

2.4.2 Psychological Severance

Psychological severance is less easily defined and relates to the feeling of being "cut off™,
An individual may not necessarily need to access a particular facility to feel a sense of being
"cut off" from it. The concepts of active and passive utility are useful in explaining this
phenomenon.

Acrive urility is the "benefit" or well-being that is attained from attending a
facility, such as a swimming pool or shops. The resulting benefits can, in
theory, be established through consideration of the supply and demand
functions.

Passive wtility is the "benefit” or well-being from knowing that something
exists without having to "use" it. For example, the fact that a hospital exists
may provide someone with “security”, without them necessarily having to visit
it. The passive value has, to an extent, a relationship to "opportunity” rather
than action.

In assessing psychological severance it appears that an assessment of the extent to which
individuals feel they are part of a "community" will determine the extent to which they may
feel "cut off".

2.5  Summary of the Definition of Severance

From a review of selected literature on the definition and components of social severance, the
following key issues have been identified:

. Increased traffic provides a "barrier" to social interaction;

. Communities range widely in location and form, and the provision for one
group may impact on another;

. There are two different severance mechanisms, termed physical and
psychological severance;

19



Physical severance relates to impact of a barrier on trips;
Psychological severance results from a feeling of being cut off;

The degree to which social severance is felt is related to the degree of cohesion
within a "community" and level of mobility held by an individual or group; and

The impact of social severance reduces with time.
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3. POSSIBLE MEASURES FOR USE IN ASSESSMENT

As discussed above, the concept of social severance is very broad and may be considered to
include the impacts of a number of effects. A literature search on the topic of social
severance and various derivatives provided a number of articles and discussions of what
purport to be studies of severance effects. From these, a wide range of measures and possible
techniques have been identified, and are presented for possible use by practitioners. Although
two severance impacts have been identified they do not occur in isolation from each other.
The indicators reviewed may, however, be divided into two groups: those that consider the
cohesiveness of communities, and those that consider the accessibility/mobility within the
community.

31 "Community" Based Identification of Potential Problems

The concept of community cohesion is an important one given the discussion about the ability
to define a community., While particular "communities” are identified on the basis of
geographical location, employment, ethnic origin and the like, the key to how much they will
be severed, or rather will fear severance, will depend on how cohesive the "community” was
in the first place.

The Kyeemag-Chullora Road Inquiry (Kirby 1981) was critical of the efforts undertaken to
identify the potential for social severance that may result from the project. The resulting
report identified a number of possible measures by which the cohesion of a "community”
could have been identified. The underlying theme was that a study of residential linkages and
trip patterns would make it possible to determine the level of "community” interaction. These
levels could then be related to key socio-economic indicators which would allow pre-estimates
of the community cohesion from readily accessible data sources.

3.1.1 Stability and Cohesion

Kirby referred to (but did not reference) work in Washington and California, which considered
community stability as a measure of cohesion. In those studies stability was measured by the
proportion of owner occupied housing, single family residences and people resident in the
same house for more than five years.

The stability measure is based on the assumption that the more stable a population the more
likely it will be that strong linkages exist between the people and the community in which
they reside. Such a measure may be useful when describing a situation or where
differentiating between diverse alignments, e.g.

. Where alignment 1 would impact on a housing area w1th a lot of owner
occupied housing and a stable population; while

. Alignment 2 would impact on an area of predominantly rental properties and
a less stable population.

The method is only attractive if the linkages are established and the data on which the
assessment is based is readily available.
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Kirby concluded, however, that the stability measure did not equate to cohesion in that it did
not consider the effects related to immigrant populations, common work place or mobility
status that were thought to be important in the New South Wales context.

3.1.2 Social Feasibility
The social feasibility model (unknown 1974) was also referenced by Kirby. This model was
considered to be a more suitable model. The model uses the following variables:

. Household size and income;

. Proportion of young and old;

. Car ownership;

. Length of time at current residence; and
. Ethnic composition.

The model considered physical constraints in the area under consideration, information on
activity pattern and facilities and an examination of pedestrian dependency. In New Zealand
consideration of the above variables is relatively simple as the data is readily available. As
with the stability based measure, the base relationship that combines these variables into a
"measure” capable of identifying sensitive areas would need to be developed for New Zealand.
Such base relationships were lacking in New South Wales and as a first approximation Kirby
considered how the study area differed from the surrounding areas in terms of the following
personal attributes:

. Born overseas;

. Handicapped (disabled),
. Receiving a pension;

. Not in labour force;

. Unemployed;

. Income; and

. Car ownership.

This type of assessment has the potential to identify, from readily available data, areas where
severance is likely to be more acute. If it were to be developed in New Zealand, a useful
inclusion may be an indication of the population of below secondary school age, age 13, to
represent the lower level of mobility disadvantaged.

3.1.3 Substitutability

The Kyeemag-Chullora Road Inquiry (Kirby 1981) also noted that psychological severance
would result, despite the provision of crossing points, and drew a distinction between "land
locked" and "bisected" communities. This formed the basis of a discussion on the
"substitutability” of services and facilities. Where a community was "land locked" substitution
was not possible and the barrier would need to be crossed on each occasion. Where a
community was "bisected” alternative services would be available.

Although not discussed by Kirby, the implication is that the severance effects would be greater
and less likely to reduce with time where a community was "land locked”. In the case of a
"bisected” community the users of a substitute facility, which is by definition second best,
continue to suffer some physical severance and psychological severance. In either case the
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mapping of key facilities and identification of practical alternative destinations is very
important.

3.14 Discussion of Methods to Identify Potential Problems

Each of the three methods principally consider the potential for psychological severance based
on consideration of the linkages that define a community. The first two methods consider
how such linkages may be related to other readily available data and emphasize the social
interaction. Of these, the social feasibility model would appear the most useful in a New
Zealand context.

In considering issues of demographic profile, ethnic composition, unemployment and mobility
in addition to the length and type of residency, the assessment is more suitable to a highly
mobile society. It is, however, suspected that in many cases the resulting assessment would
state the obvious. For example, no two urban areas would be extremely different nor would
two rural areas. The assessment would, however, be relatively inexpensive and could provide
supporting evidence.

The third type of assessment is more targeted to physical severance and would identify the
potential for specific barrier effects, as well as the need to change travel patterns, which does
have a psychological impact. Closely related to the catchment analysis discussed below, the
assessment of substitutability is seen as a key exercise in any assessment of social severance.

3.2 Accessibility Measures

Accessibility measures deal with the spatial separation of activities, and the ability of the
transport system to link these. Accessibility measures are generally used in the context of
land use and transport planning since they consider the potential to reach and take part in
activities (Jones 1981). Accessibility measures consider the "opportunities” available and are
measures of choice and substitutability.

3.2.1 Catchment Analysis

Catchment analysis is considered as the first step in identifying locations and the extent of
potential severance. Catchment analysis may be undertaken from either the point of origin
or destination.

3.2.1.1 Origin assessment

As a first step in any assessment, it is important to identify the characteristics of the
population which will be impacted on. Using census data accessible through the New Zealand
Department of Statistics computer software SUPERMAP, it is possible to identify the
characteristics of the population. For example, mapping the distribution of particular groups
of the population may indicate potential impacts. The distribution of children aged 5 to
9 years is given in Figure 3. In this example it can be seen that a concentration of school
aged children exists to the east of the highway which separates these children from the local
primary school.

Other plots may be generated to consider those of other important ages such as 0 to 5,
representing the next group to begin school, or those over 65 years of age.
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Figure 3. Example of origin-based assessment using SUPERMAP data on the number of
children per meshblock aged 6 to 9 years.
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3.2.1.2 Destination assessment

Key destinations within the study area may be identified and the catchments established from
"surveys” of the users. This approach was promoted by Clark er al (1992) and forms the basis
of the assessment framework used in the United Kingdom (Department of Transport 1993).
In such surveys, it is important to identify any groups which are particularly vulnerable, the
elderly or the young and other mobility disadvantaged. Of interest are the distances travelled,
which define the caichment overall and the number of users, of each type.
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Data from the household travel surveys can identify the relative importance of destinations.
Other special destinations, including libraries, railway and bus stops, hospitals and churches,
and medical centres, should also be identified (DTp 1993).

The type of facilities to which people travel, particularly by walking and cycling, are
important and key trip indicators. Some, identified by a Perth study (Braddock 1979), include

. Shopping;

. School;

. Bus stop;

. Walking for pleasure; and
. Visiting friends.

Such data is available within New Zealand from sources such as the various regional
transportation studies and the National Household Travel Survey (Ministry of Transport 1990).

These centres may be plotted, together with their catchments and the "barriers” in question to
identify the areas of concern. The use of colour plots is considered to be a major advantage
where catchments overlap.

3.2.1.3 Discussion of catchment analysis methods

Origin or destination assessments are considered the first step in the identification of the
potential for social severance. Each looks at what trips are likely to be undertaken and may
therefore be subject to severance effects. As such, they form the basis of many severance
analyses. Origin assessment is somewhat simpler since most data can be drawn from readily
available sources. It does, however, assume that certain trips are the most important, and
without consultation some other important local trips or population groups may be missed.

Destination based assessments may be more useful when considering the impact on retail or
other facilities that fear a drop in patronage or in situations where there are a number of
competing facilities. Destination based assessments usually require some on-site data
collection to determine the origins of user groups.

Neither assessment will account for dispersed journeys such as visiting friends or walking for
pleasure. In order to consider these types of journeys it may be necessary to intercept
“passers by” or interview people about their movements.

3.2.2 Transportation Planning Measures
Transportation planning measures are generally used to assess possible improvements in
accessibility that may result from a proposed project or a range of strategies.

3.2.2.1 Contour measures
Contour measures describe the transport system from a user's point of view, considering:

. The number of opportunities for people to participate in an activity within a

given travel time or cost, e.g. the number of jobs within 20 minutes travelling
time from home; and
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. The travel cost for people to reach a given number of activities, e.g. the
average, or maximum, travel cost to reach two shopping centres.

The example in Figure 4 shows contours based on the population within 20 minutes travel
time from a particular zone prior to the construction of the Tyne and Wear Metro (Jones
1986).

Figure 4. Accessibility index : thousands of people within 20 minutes.
Taken from Jones (1986).

In another example, the West Yorkshire Transportation Studies (Cooper et al 1979),
accessibility problems were identified when the generalised cost of transport to a facility
exceeded particular thresholds. From that point, it was possible to investigate the components
of the particular problem and to recommend amelioration measures.

3.2.2.2 Hansen analysis

An alternative is to consider the number of origins within a particular "cost” of a destination.
An example would be cumulative plots of an activity, such as the number of jobs within an
increasing distance from a particular residential zone. This theme was extended to include the
expression of the total accessibility of a particular zone to all others (Hansen 1959), It was
proposed:

“that the accessibility at point 1 to a particular type of activity at area 2 is
directly proporiional to the size of that activity and inversely proportional to
some function of the distance separating point 1 and area 2.”

E

A =E"r_l

o -1

od

where E, = the activity zone n, and t 5 = the travel function.
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Based upon this type of analysis an overall index of accessibility could be generated for intra-
project comparisons.

3.223 Potential change assessments

Potential change assessments are an extension of the contour analysis. One such study in
Melbourme (King 1982) defined the likely employment catchments and using mode choice
relationships developed from census data to determine the "potential” for changes in mode.
A similar approach was adopted in the study of a Light Rail Transit (ILRT) for Wellington
City (Works Consultancy Services 1995). In that work, the catchments for a range of LRT
routes were identified using employment opportunities and mode split relationships based on
observed data. The coarse analysis shown in Figure 5, was used to screen possible route
options prior to network modelling. The improved access to employment is obvious for some
Toutes.

3.2.3 Discussion of Transportation Planning Measures

In order to produce contour measures or undertake a Hansen analysis, it is generally necessary
to have a transportation model operating. The results are generally “broad brush” and need
to assess strategic route or policy options.

The potential change assessments are more readily undertaken as “desk top” studies and use
existing data and simplified relatonships to make strategic decisions related to the
improvements in accessibility that would result from a project or strategy.

In the final evaluation the accessibility benefits, or severance reductions, for one group are
weighed against the more “local” impacts that may result from the provision of the
infrastructure.

3.24 Mental Maps

The concept of mental maps (Gould and White 1986) follows the same lines as the landmark
identification (I.ee and Tagg 1976). The use of mental maps as a tool was based on the idea
that the information people held, or received, about places, was related to the population, or
level of activity, at that place and reduced with distance. On a macro scale the knowledge
levels that people held about an area was derived by asking respondents to rate, or rank,
locations in order of preference, or by asking them to perform a task such as naming the
towns in an area. The researchers proposed that barriers limiting the flow of information
about an area could be identified through discontinuities in the information rate function. The
effect of these barriers might then be expressed in terms of an equivalent distance as shown
in Figure 6. The observation that

“"Most information surfaces are highly predictable but there is no way yet to
clearly sort out the many different effects” (Gould and White 1986)

is of interest since the same description has been applied to social severance. The concept of
mental maps has an identified ability to account for a number of inter-related effects, such as
fear and intimidation, excessive delay and psychological boundaries, while at the same time
accounting for the power of attraction that may continue to draw people across a barrier. It
is in essence a complete measure of social interaction and should therefore be available as a
measure of social severance.
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Taken from Works Consultancy Services (1995).

Analysis of catchment potential.

Figure 5.
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Figure 6. The identification of barriers to the flow of information,
Taken from Gould and White (1986).
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If the mental maps approach could be applied at a local, or micro, level it would be a very
powerful tool since it is a direct measure of the effect in which we are interested. Having
expressed the barrier as an equivalent distance, reassignment of trips and economic evaluation
may follow using standard techniques.

The technique is untried, and the project is considered to be both expensive to implement and
complex to explain. However, the generation of mental maps could provide a great deal of
knowledge about the mobility of various special groups, e.g. children. This could be fed into
the investigation of potential for social severance and catchment analysis.

3.2.5 Other Measures

Possibly the most comprehensive review of accessibility measures was given by Jones (1981).
Other measures identified include revealed value measures as well as time-space geography
measures and non sequential time-space measures. These are considered to be more complex
to implement and, in the context of studies of specific barriers, are less likely to provide much
in the way of additional insight without considerable additional work.

3.3 Barrier Measures

As discussed above, the term social severance encompasses a wide range of effects which
complicates impact assessment. A number of measures are available for use in the assessment
of severing effects that result from a particular barrier. One approach (Tate 1993) was to
obuin information on community concems, about potentially severing effects, through public
consultation. Indices or proxy measures that are in tune with the concerns of the community
could then be developed. For example, if a particular community is concemed about the
safety of children as they travel to school, an index that looked specifically at this, such as
the conflict index discussed below, may be employed. Other measures, such as pedestrian
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delay, may in turn be used as a proxy for an overall effect. It may be that one measure is
more suited to a particular group of people, while other measures better address activities.

3.3.1 Qualitative Measures

A number of publications suggested the use of descriptive measures of severing effects. The
most readily referenced is that adopted in the United Kingdom (DTp 1993). Under this
procedure the potential for new severance and the removal of existing severance are identified
separately, both using a 3 point scale. For existing roads that may receive more, or less,
traffic, an assumption is made that a 30% change in volume is required before a noticeable
effect results. Increased journey lengths and the need to cross roads carrying increased traffic
volumes are considered when assessing the impact, as are the effects of multple events.
Although the basis of the method is unclear, it is well documented and expected to be
relatively easy to apply.

The background to this 30% change is unclear and a 30% change from 100 vpd to 133 vpd
is be expected to have a different effect from a 300 vpd to 390 vpd or 6000 vpd to 7800 vpd
change.

The system is descriptive and relatively simple to apply. It is, however, reladvely subjective
and therefore open to different interpretations.

3.3.2 Conflict Index

This simple measure is based on the number of trips crossing a particular road, or roads, and
the volume of wraffic on those roads. It was used in assessing the effects of possible network
changes on the journey of children to school, (Works Consultancy Services 1989). The index
does contain elements of risk arising from traffic volumes, and exposure using the number of
journeys crossing each road. The data obtained from the school children, as part of a class
exercise, was readily available at little cost

Index =

E [AADT of Roads Crossed x Number of Paths Crossing]
100

where AADT is the average annual daily maffic.

An improved approach would be to estimate the risk by using existing accident data or the
accident rate data.

The measure has an advantage that it is inexpensive and clearly addresses a specific concern,
and is useful to rank options in terms of that concern. It is, however, of little use when
comparing a range of projects.

3.3.3 Traffic Density

The traffic density reflects the amount of traffic contained in a length of road. The measure
can be calculated from the traffic speed and volume using the equation:
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where k = traffic density (vehicles/km)
q = traffic flow (vehicles/h)
u, = space mean speed (km/h)

Although traffic density has been proposed as a possible severance measure (Clark et al 1992),
no examples of its use have been located. Some doubts exist over the suitability of traffic
density as a measure since the effects of increasing traffic volume and increasing speed will
act in opposing directions in a manner which is counter intuitive,

3.3.4 Pedestrian Delay

A commonly proposed measure of the barrier effect has been pedestrian delay. Studies into
the environmental capacity of residential roads (Buchanan 1963) concluded that when
pedestrian delay criteria were met so would the criteria for other factors such as noise, the
effect of fumes and disruption. Given that each relates to traffic volume in a similar non-
linear manner this is not surprising. Pedestrian delay is, therefore, not only a measure of a
physical severance effect, it also represents overall disruption.

It is, however, generally accepted that the effect of increased travel time and delay should be
accounted for within project evaluaton in a similar manner to the vehicle journeys that may
be catered for by the project (SACTRA 1986, Urban Motorways Committee 1972, Transit
New Zealand 1995).

The measurement and prediction of pedestrian delay is, however, exceedingly difficult.
Although a gap acceptance model may be utilised, the gap acceptance behaviour of pedestrians
complicates the issue. It has been found (Hunt and Abduljabbar 1993) that pedestrians utilise
a number of different road crossing strategies. These include looking for a gap in the
combined stream, or accepting a gap in the near side stream and "waiting” on the centreline.
Rather than waiting for a gap some pedestrians will "track” along the footpath, continuing
their journey while searching for an acceptable gap.

As an alternative to probabilistic analysis of, an index of "pedestrian amenity” (Jerram 1993)
and a crossing index (Hunt and Abduljabbar 1993) have been proposed. These indices are
based on models of inter vehicle headways alone and consider the total available crossing time
per unit time.

A series of relationships derived from observed crossing delays has been developed for a

variety of crossing facilities in the United Kingdom (Goldschmidt 1977). These are presented
in Figure 7.
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Figure 7. Mean pedestrian delays associated with different road crossing situations.
Taken from Goldschmidt (1977).

25
Pelicans
Random points, Signalized
20 - no facilities junctions
Refuges
& 45 |-
o
h
k-
g
i
€ 10
ﬁ Zebras
5 -
0 [ | | ] f |
o 500 1000 1500 2000 2500 3000

Total traffic flow {veh/h}

Although pedestrian delay may be valued, this does not, however, remove the value of
pedestrian delay as a proxy measure that may be used to weight, rank or to represent in some
other way the effect of disruption to trips or perceived danger. A relationship between
pedestrian delay and danger, as measured by pedestrian risk, is given in Figure § (Burt 1972).
This additional use of a delay as a proxy measure is often discounted because it is seen as
"double counting” the effect. In practice, the monetary value of pedestrian delay is often
found to be small. It is questionable whether it is worthwhile calculating it. It is likely that
the measure is of more value when representing disruption than as an input to economic
assessment,

The measure has an advantage in that time is a tangible concept that can be presented as a
ranking criteria, and the data on traffic volumes and pedestrian flows are usually collected as
part of any assessment.

The disadvantages are that the relationships used are from a study in the United Kingdom, and
their relevance to New Zealand may be questioned when trying to cast doubt on the results
and the strong belief that being a time-based measure the impact should only be valued and
included in the economic evaluation.
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Figure 8. Pedestrian delay and risk.
Taken from Burt (1972).
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3.3.5 Trip Length Changes

One assumption made when using pedestrian delay, or any index of amenity, is that no change
to trip patterns will occur. Increases in travel time and trip length may be to suppress trips.
It is possible to identify the likely reduction in the probability of making a particular walk trip
from the trip length distribution for that trip. It should be noted that this approach only
considers the propensity of physical severance to suppress trips. Highly mobile groups may
avoid difficult situations through complex trip chaining thus minimising the physical severance
effects, but not necessarily the psychological severance effects.

One problem with the approach is that data from which to construct trip length distributions
for various age groups and trip purposes is not readily available in New Zealand.

3.3.6 Perceived Danger

A major concern among pedestrians is the danger that is posed by a road (Morton William
er all 1972, May er al 1985). Comments such as "it is so dangerous that I won't let my
children go that way", prompted research (Tate 1991) into the perception of the danger posed
by road traffic. From an investigation into whether or not parents would allow their child to
cross the road unaccompanied, the study developed an index of perceived danger. Shown in

Figure 9, the index may be used to show the reduction in mobility that may result from
changes in traffic volume.

33



Figure 9. Index of perceived danger (Tate 1991).

PROBABILITY OF NOT CROSSING

Having established the likely reduction in mobility, it should then be possible for an analyst
to assess whether a change in location, mode or abandonment of the journey might result.
Although the measure was developed in the United Kingdom using a sample of children aged
5 to 11 a pilot study using a similar methodology to produce a New Zealand model is
discussed in Section 5 of this report.

The approach has advantages in that it addresses specific concerns voiced by parents, and the
data is relatively simple to collect. The results of such an assessment could include the
identification of losses in freedom by mapping areas that are now not available for children
to travel to alone. Alternatively, for jouneys that must take place, such as those to school,
the cost of alternative transport may be used in the economic evaluation.

3.3.7 Discussion of Barrier Measures

Those barrier measures that address a specific concern and which can be defined concisely
are seen as the most suitable. These include the conflict index, pedestrian delay, and
perceived danger. The data for all measures is relatively inexpensive to collect and the
measures may be used to supplement the catchment style analysis.

Care should be taken to use measures that encompass an important community concern. In
addressing the “bulk”™ of a concern, the measures may also allow ranking, weighting, or
scaling of a broader impact. Alternatively, for journeys that must take place, such as those
to school, the cost of alternative transport may be calculated and used in the economic
evaluation.
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34 Case Studies and Selected Articles

Case studies and references for strategic and policy accessibility studies abound, and may be
found in readily available publications, such as Traffic Engineering and Control, Transport and
Road Research Laboratory and Australian Road Research Board reports. However, reports
that consider the assessment of social interaction, are not readily available. Much of this case
study work is contained in impact assessment reports and inquiry statements. While these
may be referenced in texts and journals they have proved difficult to obtain.

Although a selection of studies is given below, it would appear there is a need to generate
some specific examples of applications of the techniques identified. Such exercises would
have the advantage of testing the data requirements and availability, as well as testing the
significance of the factors and relationships that are used overseas.

3.4.1 A Review of Transportation Plans for Melbourne (King 1982)

This review of transportation decisions for Melbourne investigated the possible severance
effects of changes to transport provision resulting from the proposed closure of urban railway
lines and the change in road hierarchy. Commonly available data from the Australian census
was used to establish the likely policy impacts.

By considering the current travel patterns, changes in accessibility were found to be readily
identified and measurable. Other direct effects, such as increased danger, were not readily
measurable, although their incidence was certainly seen as predictable. The paper is somewhat
wordy and specific analysis was not covered. Readers will gain an idea as to what may be
investigated from common data sources.

3.4.2 West Yorkshire Transportation Study (Cooper et al 1979, Headicar 1979)

This study is well reported in a series of papers that consider the development, and more
particularly the evaluation of an overall transportation policy for West Yorkshire. The papers
outline a number of criteria used for policy investigation and assessment. Of particular
interest are the development of accessibility criteria for the evaluation of alternative scenarios
to determine how the needs of the community may be met.

3.4.3 Tyne and Wear Metro (Jones 1981)

The paper describes the changes in accessibility that were investigated as part of the study into
the Tyne and Wear Metro extension. Key indicators were seen to be the effect of the scheme
on access to employment opportunities from residential locations and access to a labour force
by employers. Some good example of the use of contour analysis are provided.

3.44 Adelaide (Braddock 1979)

This is possibly the best case study of the impacts of a specific barrier located in the literature
search. The paper summarises the results of this study into the effect of building a transport
facility along a designated but unused transport corridor. The study outline, presented in a
paper to the Australian Transport Research Forum, considers the investigation of existing
journey patterns and the effect of the barrier on these. In particular, the paper looks at how
the key activities for that area can be defined and how the proposed barrier may affect travel
to these activities.
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3.5 Summary of Possible Measures

A number of measures are available for use in the identification and quantification of parts
of the social severance impact:

. Community measures such as those that represent the stability and cohesion of
the communities involved are suitable as tools for identifying where
psychological severance may become an issue.

. Accessibility measures are available to investigate the loss, or gain, in
opportunities to take part in activities or use facilities.

. Barrier measures allow the investigation of impacts on existing travel patterns
that will result from the provision of a specific road.

Individually none provides a complete measure of possible severance, although some, such

as pedestrian delay, may be used both as a direct measure as well as a proxy measure for
other components of the impact.
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4. IMPACT ASSESSMENT FRAMEWORKS

Sections 2 and 3 have provided discussion of social severance and outlined possible techniques
by which some or all of the severance impacts may be assessed. This section looks at the
procedures adopted elsewhere to incorporate severance effects within an assessment. Detailed
procedures for the evaluation of severance effects were found for only three countries:

. United Kingdom,;
J Denmark; and
. Sweden.

These procedures are outlined and form the basis of the subsequent discussions related to the
attributes of the assessment and evaluation process.

4.1  Examples of Assessment and Evaluation Frameworks

Although three examples are discussed, these represent two distinct approaches to the issue
of evaluation. The more qualitative approach adopted in the United Kingdom considers:

. Changes in journey length; and
. Changes in amenity.

separately. The method then considers the extent to which severance results from these effects
and reporting is based on the number of persons affected by slight, moderate and severe
severance,

Scandinavian practice is directed at obtaining a single monetary value of severance.
Severance, or rather the barrier effect, as it is termed, is considered in two parts:

. Transverse barrier effects; and
. Longitudinal barrier effects.

For each effect the method considers the magnitude of the barrier in terms of the
characteristics of the road traffic:

. Speed;
. Flow; and
. Composition.

and the demand for movement across or along the barrier. The demand is calculated from
theoretical trip rates which are based on the adjacent land uses.

In the following sections each method is outlined in some detail. These examples are then

used, in Section 4.2, to identify elements which are considered to be important and which
should be included in a framework for use in New Zealand.
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4.1.1 United Kingdom

In the United Kingdom the assessment of community effects is provided for in Chapter 2 of
the Design Manual for Roads and Bridges Part II Environmental Assessment (DTp 1993).
This chapter considers:

. Journey length and local travel patterns;
. Changes in amenity; and
. Severance.

The first step of the method is to establish current travel patterns. Two methods are described
in Chapter 2. The first is based on identifying the catchments of key facilities, the other on
measurement of travel via origin and destination surveys. In each case counts of pedestrian
movements at important locations are to be undertaken. Particular attention is required to
identify the movements of sensitive groups such as children, the elderly and other groups with
reduced mobility.

Having established travel patterns, these are drawn on a map together with all roads for which
the traffic volumes are to change by more than 30%. Changes in travel are assessed on a
route by route basis assuming that people will minimise their travel costs by travelling to the
nearest destination using "shortest” route.

The selection of the 30% change criteria is unsupported and a number of researchers ( Burt
1972, Jerram 1993, Tate 1993) have identified the impacts as non-linear. Clearly a 30%
change in a volume of 100 vehicles per day is not the same as a 30% change in a volume of
7000 vehicles per day. The use of such a simple criteria is therefore questioned.

Having identified travel patterns, any changes in amenity, or the general pleasantness that may
be experienced by users of a route are described in subjective terms, e.g.

“Cavendish Road:

Published Scheme: Some reduction in amenity for around 500 pedestrian and
10 cyclist journeys per day. AADT (1995, high growth) forecast to increase
by 60%, to 5000 (HGVs by 50%, to 350), as some traffic diverts to this road
to join the A28 at Redhill roundabout. Although pavements are typically 2m
wide, they are adjacent to the carriageway. An alternative route is available
for the cyclists using this road as a through route.

Do Minimum: No change to existing good amenity.”
(Dtp 1993)

The changes in journey length and amenity may be such that a barrier is formed between
residents and the facilities and services they use in their community. This separation is termed
severance. Severance is then reported in terms of the number affected and the magnitude of
the effect. The three categories of severance are outlined in Table 1 together with the criteria
for relief and existing severance. With the exception of travel time and distance impacts
which are valued directly, the overall approach is qualitative.

38




*9%09 ‘PaAfey 9q | "90¢ exe dn ing e Jo 1arowuad
0] paonpat oq Lew ungy sy, afeqa | Lew snpy, ‘umol [rws 10 3Fe[pa ay1 uo Jo deqa e yInanp
JO UMmO] [eLS 2 S103SK] PROI AI3YM B §100S1q P01 AUYM SIUNJOA sassed peas a10ym SIwIN[oA
SIWwN[oA JYJeIl Ul uononpal %+36 Syjen ur uononpat %06-SL Jyjen ut uononpAr %6/-09 PAY [RINY AOUBIOAIG
*%5+(0 ORPA SOWNJOA difJel], |  95(9-0f 2onpal SaWN[OA d1jJel], ‘95(E 20NPII SHUNJOA DMJJRIL ey dn 3jng woly jorey
W 005-08T
AGQ paseardur 2q [Jim sAaLmor -
_ ' Jelopouw, Japun jno 1o ‘reaf Sumado o ‘w gsz 01 dn
198 10w 10 oM} 1o Jy3I]s, Japun o ut (Lavy) Aep 1ad sapdIyaa AQ posearouwi o | sAawnop -
198 SaDURIPUIY BY) JO AOUK JO UL, - 000 9F Pue (08 Uaam1 1O {posioAEn
30 W 0OS 1240 dmALed peal M2U € JO Aemqns B JO paquud
Jo skounof Jo 3us| ur aseapm uy - Buissoln opeid-je uewsopdd - | 9Q 01 poou [im 98pug mau Y -
10 10 sdin 10 {LaAVY)
1e04 Sumado ap w (Lavy) Aep 1ad 918uis 0y Suijdde ySys, Kep 12d sapwyaa 0008
SO[2IY2A 000 91 JoA0 Sulfuied peos Japun 1n0 128 SAoUBIPUY MO[2q SulAued peol MU B JO
MU B JO Suissosd opeid-1e uBLISIPYd - oYl JO uow JO OM], - Bussord opesd-ie ueuisopod - ardurexy
‘sAouinof Sunsixa J1p ayew 03 SwiAn
o1doad 01 pasned 2q M 0URIPUIY
2]QRJOPISUOY *A[aAlRWUB)|Y ANUNWILIOD
Jemonted e 03 $50] JuoueULX] B 01 SI5BD
QUIOS U} JO AJIANOE JO S2NUID JO UONEIO| "dAlORINE §SI] 40 195U0] IpEW JUILIAOH
o ui a3ueyd e 0) pesf pInom SIL | 29 [Ea sdum oo sdun Sunjew 01 d0ueIpUly 2wos aq A[qeqosd
"SYigey 1) JO uonesies10-a1 v 200pul WO} Papenssip 99 0} Aoy 14 2I91) NG ‘poureIIRIY
0] JU2IIINS U ue 0} sduj Jupjew aie *3[dodd A[1op|2 pue uIpIYD 2q 0} Aoy st woned
wioaJ paudlep q 01 Ajodif e apdood Aprepnomued ‘syuspisal suwiog Lownof o 9y [erausd uj uonduosa(q | DURISAIS MIN
EXETETN BIIPON W3ys [PAd7]

M Hodsuel] jo juduireda(] $1995J0 9OUEIIAIS JO UOHEILISSE[D

"1 FlqEL

39



4,1.2 Denmark

In Denmark severance is described in terms of two effects, a Barrier Effect and a Risk
Perception effect (Road Directorate 1992). The barrier effect considers the extent of crossing
problems while the perceived risk effect considered the conditions for pedestrians and cyclists
travelling along the road.

A single unit of measure, the BRBT, was used to quantify and aggregate the two effects as
outlined in Figure 10 (T Larsen pers. comm.).

The Barrier Effect is the product of the Crossing Need and Barrier Impact. This is combined
with the Perceived Risk Effect assessment which is undertaken for each side of the road and
is the product of the Need and Risk Impact, calculated separately for each direction.

The Barrier Impact is determined by considering the traffic flow, speed, presence of heavy
vehicles, and the availability of crossing points such that:

Barrier = 0.1 JADT x (187 L, + 0.63) x (1 - -51% x L)

where ADT = average daily traffic (vpd)
L, = proportion of heavy vehicles
K = number of pedestrian crossings, subways or other crossing facilities
L = length (km)
V = average traffic speed (km/h)

The Crossihg Need is determined from the adjacent land use. The factors provided in Table 2
are used to weight the demand per kilometre. The crossing need is calculated separately for
each side of the road and then summed.

Table 2. Crossing need factors.
Land Use Housing Weight

Shops, public offices 4
Schools and housing blocks

Low housing 2
Summer housing 1
Industrial and recreational city areas 1
Otherwise unbuilt 0
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Figure 10.  Danish assessment framework (Road Directorate Denmark 1992),

BRBT
Perceived Risk Efect
Barrier Effect Perceived Risk Effect Perceived Risk Effect
Ditection | Direction 2
Product Product Product
Crossing Bamier Traffic Risk Traffic . Risk
Need Impact Need impact Need impact

The Risk Impact is calculated separately for each side of the road using half the traffic fiow
term 0.1 VADT (V/50)* which is corrected for heavy vehicles using 1.87 L, + 0.63. As with
the barrier effect, an adjustment for the facilities provided (C+F) is made based upon the
factors of Table 3. The risk impact Rl is then:

Risk Impast = % (0.1 JADT ) (-;’—0) 3x (187 L, + 0.63) x (C + F)

where ADT = average daily taffic (vpd)
L, = proportion of heavy vehicles
CF =
A" = average traffic speed (km/h)

4]

adjustment factors for cyclists and pedestrian facilities taken from Table 3




Table 3. Risk impact adjustment factors.

F factor C factor
no pavement/footpath 0.5 | no bicycle path 0.5
only pavement/footpath two-way bicycle path
on the opposite side 0.4 | on the opposite side 0.4
shared bicycle path/footpath 0.3 | shared bicycle path/footpath 0.3
pavement 0.1 | cycle track/parking lane 0.2
bicycle path 0.1

The Traffic Need is the same as the crossing need but calculated separately for each side of
the road using the weights of Table 2, Once the BRBT units have been calculated these are
monetorised. Although the basis for this is recognised as being inadequate:

"No appropriate method has yet been found to place a value on the barrier and
risk effect. At present this effect is being valued at 50 percent of the value of
the noise nuisance effect.

On this basis the cost per BRBT-unit has been calculated to DKK' 8500". (Road
Directorate Denmark 1992)

No distinction is made between more or less sensitive users, and the valuation is made over
all groups and purposes. Not surprisingly in the example of a bypass (Road Directorate 1992),
the valuation of severance effects were approximately half of the value of noise. What was
of interest, however, was that severance effects were valued at a similar level to the distance
component of car travel costs in that example.

4.1.3 Swedish Method
Details of the Swedish method for assessing barrier effects are outlined by the Swedish
National Road Administration in part 15E Calculation Guide (Swedish National Roads
Administration 1986). Although the part 15E Calculation Guide has been reviewed, it has not
been possible to obtain the accompanying Effects Catalogue which it is believed contains a
more detailed discussion.

In a similar manner to the Danish assessment, the Swedish method considers both:

. Transverse (B,) effects; and
. Longitudinal (B,) effects.

! DKX are Danish Krona
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The transverse barrier assessment considers the effect on pedestrian journeys while the
longitudinal barrier considers the impact of cars and trucks passing cyclists using the road.
The approach is outlined in Figure 11,

The transverse barrier effect is made up of two parts, a disturbance term (C,) and a delay
term (C,). The method considers the demand for movement based on an assessment of
destinations and the potential need (P), which is determined from "trip rate” tables. The trip
rates, such as those in Table 4, are established for three environment types:

Environment type 1 central part of town with 50 000 inhabitants
Environment type 2 suburban part of town with 50 000 inhabitants
Environment type 3 rural area, small village with no school, children travel

by bus or cycle.
The table provides guidance on the potential need per age group (P,) for walking and cycling.

Figure 11.  Swedish barrier assessment framework.

Value of Barrier Effect SEK

SUM
Transverse Barrier Effect Longitudinal
Barrier Effect C,
Sum Product B,
B,
Disturbance Value C, Delay Value C, Product Need
(cycle-
km/day)
We,
Need Disturbance Need Delay Barrier Overtaking
per age Ba P F Bo Adjustment
group K,
PI
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Table 4. Potential need assessment Swedish National Road Administration (1986).
Age Bus | Service | School District Infant Other dwellings
group stop play play/recreation play
work?®
o 400 > 0-400 | 0400 | 400- > | Total
400 | 800 800 800 | 800
0-6' {Ped. |0 0 0 0 5 0 10 5 0 0 {20
Cyc. |0 0 0 0 0 0 0 0 0 g {0
7-9 Ped. |1 8 25 5 2 1 0 5 2 i |50
Cyc. |0 2 5 0 1 1 0 0 1 1 11
10-12 {Ped. |3 7 20 4 1 1 0 4 1 1 |42
Cyc. {0 3 10 1 1 2 0 1 1 2 10
13-65 |Ped. {3 7 5 2 1 0 0 2 1 1 122
Cyc. {0 1 3 0 1 1 Q 0 0 2 |10
>65° | Ped. {3 6 0 12 6 2 0 2 1 1 33
Cyc. {0 1 0 0 1 2 0 0 0 2 |6

Environment type: Central pan of town with 50 000 inhabitants {bus increases in larger towns). Movement need on foot and by bicycle (gach
day per group of 10 people). Total number of outward movements and rewms.

t

2-6 years old are assumed 10 be able (without parents, with and without traffic in the surroundings) to make an zverage of 3

movements a child per day outdoors (0-1 years old make no movements).

Some play movements are connected with school surroendings.

Assumed need magnified slightly in relation 10 real (observed) frequency.

District recreation need magnified to an average of one walk (iwo movements) per pensioner ecach day, which is more than the

real frequency (which is assumed to be depressed by the traffic situation).

All figures in headings represent metres.
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The first step is to calculate the disturbance term, C,.

C, = 365xY13 8 %K,

where C, = cost of disturbance (SEK/yr))
S, = disturbance for age group i
= BxP
P, = need (persons/day)
K; = value of disturbance per age group (Table 5)

The Disturbance (B) that results from a barrier to transverse movement is calculated from a
function of:

B =QxK xK

where Q = average daily traffic (vpd)
K, = correction for heavy vehicles
= 0.667 + 3.33 g
3 = % of trucks
Ky = correction for speed = (V / 50)*
A% = average traffic speed (km/h}

The amount of disturbance is calculated as the product of B, and P, the potential need per
age group. Where there is a crossing facility, such as a subway or a signal controlled
pedestrian crossing, then P; is reduced to reflect the use of that facility. In the case of a
signalised facility no reduction is made for children under 13 years of age.

The monetorised value is calculated by age group using:

Table 5. Value of Severance per age band.
Age group i=1 i=2 i=3 1=4 i=35
Age band 0-6 7-9 10-12 13-65 >65
Value in SEK? K, 8x10™ 4x10 1x10* | 0.25x10° 1x10

It is interesting to note that the effect on children is valued at a higher rate than for the adult
age group 13-65 years. The value of delay C, is also calculated using the potential need and
a constant value of time across all age groups:

2 SEK is a unit of currency, Swedish Krona
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FxPx 365 x30
3600

C,

where F = the delay
= 1.26 + 4.54 x 10°%¢*
or the delay calculated at traffic signals
q = flow in vehicles per hour
30 = the value of waiting time in SEK per hour

The final Transverse Barrier B; valuation is the sum of C and C ., Longitudinal Barrier
(B, effects are considered in terms of the effect on cyclists travelling down the road being
passed by the moving traffic. The longitudinal barrier effect is calculated as:

Bo = BxKg
where B = the barrier effect calculated above
Ko = 21 (0.07 - 1/V)
v = average traffic speed (km/h)

The factor K, adjusts for the frequency of overtaking and accounts for the vehicles passing
the cyclist. The monetorisation of the longitudinal barrier effect is then calculated from:

C, = 365x Y71 si K

i=1 §

where C,
SCL

K,

the value of longitudinal effects, SEK/yr
disturbance for age group j
value of disturbance for age group j from Table 6

nnu

Table 6. Swedish value of longitudinal severance.
Age group i=1 j=2 j=3 j=4
Age band 7-9 10-12 13-65 >65
Value in SEK K; 2x10 1x10* 0.5x10* 1x10™
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4.2  Identifying the Attributes of an Assessment Framework

Each of the three examples treats the assessment of severance in a different way. From these
and the discussions of Section 2 it is clear that:

. The phenomenon of social severance is complex;
. No unique method of evaluation exists;
. A large number of proxy measures exist that to a greater or lesser extent may

quantity one or more aspects of social severance; and

. A range of possible combinations are available that, while not completing the
picture, will account for large portions of the issue.

In order to develop an appraisal framework for use in New Zealand, it is considered necessary
to identify the objectives of such a framework. For this purpose the framework has been
divided into three sections:

Impact Assessment - the identification of the impacts of a project and the analysis of the
distribution of these effects.

Project Assessment - the summarising of nett impacts within a particular category.

Project Evaluation - the process of establishing the worth of a project, typically in terms of
some single nett variable,

4.2.1 Impact Assessment
The aims of an impact assessment are seen to be the presentation of information and processes
in a concise manner to both decision makers, and the public in general, to:

(a) Ensure that they are aware of the issues involved,
(b) Properly identify the "needs” of various groups,

(c) Explain the effects of any decisions that are made about parts of the project. In
particular, those related to the generation and mitigation of adverse effects.

The key in practical evaluation is one of significance. Assessment includes identifying which
effects are significant, at what locations, to which groups, and in the case of multi-impact
effects, where these impacts are recognised in the assessment and where they are not.

Community opinion or views are the first measure of significance and the concems raised
within the early rounds of community consultation will provide the initial insight into the
likely impacts perceived by the community. Consideration of the distribution of the effects
is important:
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"Conflicts over the severity or otherwise of the effects and conflicts over
priorities are rarely able to be resolved or removed. Debates over them can
be however informed by comparisons of projected distributions of benefits and
disbenefits, with present distributions as benchmarks. The key issue is
therefore to identify what effect to which group has been assessed within which
element of the impact assessment.” (King 1982)

Some existing social severance may be present within the "community” (Lee and Tagg 1976).
A typical case within a New Zealand context is that of a heavily trafficked Main Street that
may experience relief, a reduction in traffic volumes, as the result of a bypass. At the same
time the Bypass may sever access for another area. Only the United Kingdom approach
specifically requires that the impacts on individual groups be identified and discussed
separately. This reflects the view that:

“The effects of reducing severance for one group and increases for another
group should not be allowed to cancel each other out.” (Urban Motorways
Committee 1972)

The methods used in the United Kingdom and Sweden require either existing journeys or
potential journeys to be plotted on a plan. This allows explicit consideration of actual travel
patterns.

Under the Scandinavian systems, it is possible to aggregate the gains and losses within a
project. Although such summary statistics provide an overall measure of nett change, they
do not differentiate between "winners" and "losers" nor the magnitude of the gains or losses.
In New Zealand there is a requirement (Resource Management Act 1991) to identify adverse
impacts and mitigation measures.

Aggregating such data may, however, raise discussions as to the relative effects and the
principle of wrade off. For example:

Project A A road realignment will increase journey times for 5 local trips per day by
20 seconds but the travel time saving for the 10 000 vehicles using the road
will be 25 seconds per vehicle and the resulting B/C ratio may be 4.8.

Project B Changes to the traffic control at an intersection give a 30 second time saving
to each of 10 000 vehicles per day on the main road, but results in an increased
travel time of 5 minutes for 200 local trips.

In each case the total travel time savings are the same and although these are fictitious cases,
they highlight that the local impact may be very significant and worthy of identification. In
the latter case the increase may be such that the local trips become suppressed and incur a far
greater economic cost. Under the current “fixed matrix” approach to traffic modelling, this
effect would not be recognised.
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4.2.2 Project Assessment

Measurements of the impacts and the distributional aspects, are of limited use when
undertaking an intra-project comparison of possible options. In all but the simplest cases, it
will be necessary to summarise the distributional effects in some way.

“Some analysts, while recognising that the impacts of transport may not lend
themselves to objective aggregation, such as benefiticost ratio or another index
of single worth, do however aggregate the distributional elements in terms of
a single index.” (Taggart et al 1979)

In the UK method, the travel time and distance changes may be valued consistently. Although
the amenity and severance are not aggregated to a common base, the equivalence relationships
of Table 1 would allow a conversion of slight impacts into an equivalent number of moderate
or serious impacts.

In the Danish approach, a common unit of measure (the BRBT) is used to aggregate a variety
of effects that impact on people. One assumption, within such summary statistics, is that the
value of the impact is "constant”. The value of time is considered constant and in terms of
an overall evaluation it may be. However, small elements, such as 2 seconds, while not able
to be "used" by some, may have value if it means the difference between catching a plane or
not. As the level of disaggregation becomes greater, the validity of this assumption of constant
value of time may become less tenable.

The Swedish method effectively skips the Project Assessment phase and proceeds directly 1o
evaluation by applying monetary values early within the process. The principal reason for
doing this is to allow significantly different "weights" to be applied using different costs for
each effect and age group.

Of interest is that there is an almost constant relationship between the transverse barrier effects
predicted by the Danish and Swedish methods as shown in Figures 12 and 13. This is even
more noticeable given that the Swedish monetary values are provided to the power 10™ while
the Danes use a constant value of 8.5 currency units.

4.2.3 Project Evaluation

4.2.3.1 Direct costs

Within the Swedish and Danish methods impacts are valued directly. Once a summary
measure or measures have been defined they are converted into monetary units, although the
basis for the valuation is unclear. It has been noted that the Danish approach is a simple
assumption of a constant value.

The Swedish approach however varies the cost by age. The effect of a barrier on adults, those
aged 13-65 years, is reduced by the use of a very small disturbance cost for that group. The
value of disturbance for children aged between 7 and 9 is 16 times larger than that for 13-65
years old, as can be seen from Table 5. One possible reason is that where a barrier is
imposed, children in this age group must either abandon their journey or change mode.
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Danish Barrier Units

Danish Barrier Usits

——Speed 50 kph 5% HCV
—— Speed 50 kph 10% HCVY
—i— Speed 50 kph 156% HCV

25000

-o-= Speed 100 kph 5% HCV
-~ Speed 100 kph 10% HCV
—i— Speed 100 kph 15% HCV

Figure 12. A comparison between Swedish and Danish severance measures for 50 km/h.
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Figure 13. A comparison between Swedish and Danish severance measures for 100 km/h.
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A child's trip to school is essentially inelastic. If due to increased traffic volumes a child is
not allowed to walk unaccompanied then the alternative is a change of mode to an escorted
journey. If the journey is undertaken by car the minimum value will then be the cost of the
two way car trip with occupant time and the additional congestion related to the additional
trip. The "cost" in either case is obviously high. The demand for travel will vary
significantly depending on the type of facility or activity that is being accessed. Trips to a
local park may be very elastic and trips will increase markedly with the reduction of a barrier.

For other highly mobile groups trip making behaviour is more complex and may overcome
such effects. In which case the costs of delay become a more significant component of the
severance effect.

4.2.3.2 Indirect costs

While it is possible to establish the worth or value of a trip from considering the marginal
utility there are costs which are less readily identified. These are associated with the "value"
of social trips and the "value" of having "choice". A discussion of the sociological and
psychological needs for interaction are beyond the scope of this review. However, a number
of authors have looked at the role of social contacts. A study on the relationship between
social contact and mortality undertaken by Berkman and Symes (Davis 1992) linked mortality
risk increases with reduced social contact. Further references to this effect have been located
(Kirby 1981), although it is suspected that the base reference may in fact be the same study.
There is also anecdotal evidence that some elderly groups value the opportunity to view
passers by and "the goings on in the street”.

For children, another mobility disadvantaged group, the reduction in independent mobility
through increases in traffic have been linked to reduced physical fitness and lost opportunities
for skill development. A further consequence was the increase in escorted journeys which
contributed to further traffic congestion and barriers (Hillman et @l 1990).

4.2.3.3 Valuation experiments

Direct costs only represent a part of the assessed costs. Social severance, as an impact,
includes a number of effects. As well as the physical barrier formed by a road, there may be
a general dislike of the unpleasantness of a road, as well as psychological severance. One
approach would be to use attitudinal surveys to:

. Assess what the public perceive as social severance; and
. Rank the relative magnitude of the components.

In New Zealand the Draft Project Evaluation Manual (PEM) (Transit New Zealand 1995)
considers the use of valnation experiments such as willingness to pay, or willingness to
receive compensation, as a means of evaluating an impact. Such experiments assume that the
tmpacts under consideration may be defined.

The "public" is certainly aware of social severance as an impact but given the level of

understanding to elicit a definition from the public as to what impact is being tested, would
appear difficult (Clark et al 1992). Without an understanding of which costs, or impacts are
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5.2.2 Road Sections

The aim of the study was to relate the perception of danger to the characteristics of the road
traffic. Ten road sections were selected in the catchment of each school. While some were
on the route to or from school, for some children they were not. This reduced the likelihood
that parents would view the questions in the context of a particular journey purpose. From
the studies reviewed, it was found that the most common traffic characteristics to be included
in the discussion of severance were:

. Traffic flow,
. Traffic speed, and
. Traffic stream composition (% trucks).

A previous study (Tate 1991) had identified visibility as an important factor. However, the
5 point subjective rating scale used, in that study, may have been a danger ranking in its own
right. To avoid such a problem, each road section was chosen to ensure adequate visibility
within the section. This recognised the assumption that children should choose, either of their
own accord or on instruction from their parents, their crossing location to minimise such
effects.

Each of the road sections was a two laned urban road with a 50 km/h speed limit. Broadly
the traffic volumes ranged between 100 and 13 000 vehicles per day of which between 2%
and 14% were heavy vehicles. Mean waffic speeds were in the range of 32 km/h to 56 km/h.

A summary of the traffic characteristics at each site is contained in Appendix 2. The traffic
count data was collected using VDAS tube counters. Unfortunately, vandalism of these
counters and the road tubes was a major problem at some sites. As a result very few weekend
surveys were completed . Consequently the Average Weekday Traffic (AWT) has been used
instead of the preferred measure Average Annual Daily Traffic (AADT).

5.2.3 Response Rates

Determining the proportion of responses was difficult since some schools only provided
questionnaires to the eldest child in the family while others provided questionnaires to all
children. The intention had been to have the children complete their questionnaires in class,
and to take the questionnaires home to parents that night. In some classes children completed
their questionnaires for homework. Although some may have not completed this homework,
it is assumed that the children's returns represented the total sample. Table 8 provides details
of the response rate based on this assumption.

The survey was undertaken in the final weeks of the 1995 primary school year. This gave
little lead time and meant that the survey could not be incorporated into curriculum activities.
Indeed at Cannons Creek School it was only possible to distribute the survey to one class
before the last week of school. A similar survey undertaken in the United Kingdom (Tate
1991) had a response rate of 76%.

56



.

[

FA——

Table 8. Parent response rate.

School Redwood Porirua East | Cannons Creek
Child returns 276 134 31
Parent returns' 181 113 29
(65.6%) (84.3%) (93.5%)
Usable parent returns'® 172 89 10
(95%) (78.9%) (31.0%)
Overall response!® 62.3% 66.4% 32.3%

m Calculated as a percentage of child retum,

M|

The number of parent retums available following validity checking.
Usable rewrns as a percentage of child retumn.

Table 8 clearly identifies two issues in the responses.

Firstly, that parent responses at
Redwood were considerably less than for the other two schools, possibly reflecting the
instruction that parents need only complete the questionnaire of the eldest child. Secondly,
the "error" rate for Cannons Creek, an area where many families have English as a second

language, is considerably higher than for the other two schools.

On the whole, parents were found to be interested in improving road safety for their children
and were willing to participate. The overall result was encouraging and it was clear that the
method may be used with success. Table 9 outlines the profile of children for whom usable

parent responses were received.
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Table 9. Child profile of responses.

School Age Male Female Total

Porirua East 5 13 7 20
6 5 5 10

7 5 7 12

8 6 9 15

9 7 4 11

10 5 8 13

11 2 4 6

Redwood 5 16 12 28

6 11 9 20

7 14 24 38

8 12 12 24

9 15 19 34

10 11 8 19

11 4 2 6

Cannons Creek 8 0 1 1
9 0 2 2

10 1 3 4

11 1 1 2

5.3  Analysis

5.3.1 Selection of Measures

While the measurement of wtaffic stream composition was relatively simple, a difficulty
occurred as to which measure of speed or flow should be used. The parents’ perception of
speed could be influenced by a few higher speed vehicles on a street. If this is the case a
higher percentile speed such as the 85%ile, may be a better measure than mean speed.
Alternatively, it may be that the 10%ile speed, which represents the background or underlying
speed environment may be a better description.

Similarly, for the measure of volume, the am or pm peak hour flows, the Average Annual
Daily Traffic, or the weekday traffic may be the most "in tune” indicator. In order to test
different measures the parents were asked to rate, on a 5 point scale, their perception of traffic
speed and flow. The mean rating was then compared to the various measures available.
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A complicating effect was, that the knowledge that each respondent held about a site would
affect their perception. For this reason the level of knowledge each respondent held about the
sites was tested. The knowledge levels were defined as shown in Table 10, and the effect of
knowledge on the perceptions about traffic conditions at the sites is shown in Figure 14 which
considers the relationship between the perceived traffic flow and the log of average weekday
traffic. In keeping with other studies it was found that the Log,, of traffic flows was a better
indicator than the flow alone. Log measures were, thus used in the investigation of possible
flow measures.

Table 10. Knowledge levels.

Knowledge level Rating Description
1 Very Well Pass it once a day or more
2 Well Pass it once a week
3 Not Very Well Pass it once a month
4 Do Not Know The Area

Table 11 provides a summary of the relationships considered. From Table 11 it can be seen
that parents had a better perception of traffic flow than they had of traffic speed. Furthermore,
no one measure of flow or speed was clearly better than any other. This being the case the
Mean Traffic Speed and Average Weekday Traffic volume were considered the most readily
obtainable measures and were selected for use in the analysis.
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The effect of knowledge on the perception of traffic volume.

Figure 14.
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Table 11.

Equations of average site weighting (y) for different levels of perceived

knowledge.
Physical Knowledge level
measure
(x) Level 1 Level 2 Level 3
pass site daily pass site weekly . pass site monthly
Mean Speed y = 0.041x + 1.327 y = 0.050x + 0.916 y = 0.053x + 1.493
R? = 0.3742 R2? = 0.3905 R? = 0.4324

Harmonic y = 0.041x + 1.465 y = 0.049x + 1.117 y = 0.053x + 0.688
Mean Speed

R? = 0.3946

R? = 0.3974

R? = 0.4467

20%ile Speed

y = 0.039x + 1.666

R2? = (.3965

y = 0.046x + 1.372

R? = 0.3917

y = 0.051x + 0.965

R? = (.4405

80%ile Speed

y = 0.039x + 1.119

R? = 0.3502

y = 0.047x + 0.690

R? = 0.3576

y = 0.053x + 0.135

R? = 0.4321

90%ile Speed

y = 0.039x + 0.994

y = 0.044x + 1.647

y = 0.0543x - 0.125

R? = (.8795

R? = 0.8478

R? = (.3485 R? = 0.327 R? = (0.4577
Log,, Average | y = 1.392x - 1.137 y = 1.3551x - 1.182 | y = 1.001x - 0.2589
Weekday -
Traffic R? = 0.8602 R? = 0.8379 R2 = 0.5989
Log,, a.m. y = 1.470x + 0.189 y = 1.430x + 0.112 y = 1.001x + 0.792
Peak

R? = 0.8734 R? = (0.8489 R? = 0.5745
Log,, p-m. y = 1.539x + 0.090 y = 1.491x + 0.146 y = 1.066x + 0.576
Peak

R? = 0.5778

5.3.2 Development of a Model
The most appropriate measure of the traffic characteristics were established as:

. Percentage heavy commercial vehicles (hev),
. Average weekday traffic (awt), and
. Mean spot speed (spd).

The road vanables were attached to each crossing decision record for which the data of

Table 12 was available.
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Table 12. Child characteristics.
Variable Description Type
Allow Whether or not the child was allowed to | Binary
cross the road section unaccompanied 1 =yes

O0=no

Know The parents knowledge level of the road | Category
1-4

Age The age of the child in years Integer

Older Did the child have older siblings Binary
1= yes
0 =no

Ethnic The ethnicity of the child Category
1 = European/Pakeha
2 = NZ Maori
3 = Pacific Island
4 = Other

Own Car ownership Integer number of vehicles
owned by the family.
0 = None
1= One
2 = Two or more

This provided a total of 2676 separate records covering the 30 sites and 7 age groups. The
data was then analysed using a logistic model of the form:

p
log{l_‘:“ ] = B+ B X, ... BeXy
e@u + Bty By Xp)
Perce ) @, b, Xyby X

1 +e

A generalised linear model with a binomial error structure was employed to give the
probability of a child being allowed to cross the road pe. The 'S’ shaped function was
considered suitable because at very high and very low traffic volumes the probability of a
child being allowed to cross the road, would not alter significantly (Tate 1991). The analysis
was undertaken using SPlus 3.3 for Windows, a product of Mathsoft.
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All variables, for which data had been collected, were included in a preliminary model in
order to assess the significance of each. The resulting coefficients and associated significance

of the preliminary model is given in Table 13.

i

Table 13. Coefficients of the preliminary model.
Model Coefficients:
Variable Valuel!l Std. Error® t value!®
(Intercept) -2.2292691818 (.51444533601 -4.333
age 0.6750301392 0.03307181797 20411
sex -0.2395971808 0.10430584911 -2.297
awt -0.0002449261 0.00002912307 -8.406
know -0.2742980917 0.05053523457 -5.427
spd -0.0576597332 0.00900149215 -6.405
hev 3.5572009033 2.04129623757 1.742
older 0.4835931678 0.10702603754 4518
ethnic -0.0913366198 0.05772875191 -1.582
own -0.0286684529 0.09180955471 -0.312
t values for significance one sided test two sided test
t;, 0.10 significance 3.078 6.314
t;, 0.05 significance 6.314 12,706

m The value of the coefficiem B, each variable X,.

The standard error associated with the estimate of the coefficient.

The value of the students t test for significance. A variable is significant when the 1 value exceeds the value for a one sided test
as given in the lower pan of the table.

L}

It can be seen from Table 13 that age, traffic volume, and traffic speed together with parent
knowledge levels are all significant. In each case the direction of the coefficients are
considered correct so that as a variable such as waffic flow (awt) increases, the probability of
being allowed to cross unaccompanied decreases.

One problem that had been encountered in a previous study (Tate 1991) was correlation
between the “independent" variables. In particular it was considered likely that flow and
speed, ethnicity and car ownership, or age and older may be highly correlated. As can be seen
in Table 14, this was not the case,

5.3.2.1 Community model

The preliminary community model is a modest description of what is going on in practical
terms but is not particularly useful since data for many of the variables could not be easily
obtained.
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Table 14. Correlation coefficient of preliminary model.

Variables | Intercept | Age Sex awt Know spd hev Older | Ethnic
Age -0.3975

Sex -0.3137 | -0.0725

awt 0.2959 | -0.1578 | 0.0155

Know -0.1300 | -0.0448 | 0.0324 | 0.2275

spd -0.6578 | -0.1182 } 0.0192 | 0.3597 | 0.1592

hev -0.2734 | 0.0685{ 0.0012 } -0.3991 | 0.1223 | 0.0742

Older -0.0916 | 0.0092 | 0.0100 | -0.0355 | 0.0265 | -0.0295 | 0.0160

Ethnic -0.2659 | 0.0154 | 0.0268 | -0.0775 [ -0.0154 | 0.0669 | 0.0533 | 0.0061

Own -0.2509 | 0.0105 | 0.0434 | 01047 | 00492 §-0.0587 | -0.0937 { -0.1039 | 0.1586

A second working model was constructed which included each significant effect except that
of knowledge. Knowledge was discarded as the determination of knowledge levels in a field
situation was considered impractical. By discounting the knowledge effect, the model
represents the perception of the community as a whole. Table 15 provides the summary data
for this community model.

Table 15. Community model.
Model coefficients
Variable Value | Std. Error t value
Intercept -2.50632 0.38470 -6.5154
age 0.603915 0.02899 20.8300
awt -0.0001752 | 0.0000225 -1.71787
spd 0.0568145 0.007786 -1.2970

The working model of the probability (P..) of a child being allowed to cross a road
unaccompanied is then:

where peroe

age
awt
spd

n o

o (~2-5068+(0.6039 xage) - (0.1752 x #w1/ 1000)~(0.0568 xepd)

Porous

1 +¢f

-2.5068 « (0.6039 % age) - (0.1752 x awt/ 1000) - (00568 x spd))

probability of a child being allowed to cross the road unaccompanied
as determined by the community model
the age of the child (years)

the average weekday traffic (vehicles per day)

the average traffic speed (km/h)
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The model is considered a reasonable measure of overall community response, and feelings
held by the community about the effects of speed and volume. It is not, however, a
particularly good representation of the crossing responses. This is because the significant
effect of site knowledge has been neglected. As such, the model may be used as a proxy
measure of community responses. For example, where a number of alternative route options
are being considered, the community model may be used to rank, weight or scale the
community’s concerns in this area.

5.3.3 Localised Model

The effect of varying levels of knowledge about a particular site were found to have a very
noticeable effect on parent perception of wraffic speed and flow. When a parent had "little"
knowledge about a site they would view the decision, to let their child cross unaccompanied,
differently. There was likely to be a greater consideration about the distance to the site and
the circumstances that would lead their child to be in an area that they "do not know"”. There
was also, as shown in Figure 14, a reduced ability to assess the attributes of the site. When
considering the impact of a particular barrier, it may be argued that the impact should only
be related to the perceptions of those most likely to come into contact with the barrier.

On this basis a further Local Model was developed considering only those responses where
the parent knew the site well or very well. That is the parents knowledge scores were 1 or 2,
i.e. they passed the site once a week or more frequently.

Table 16. Local model using knowledge levels 1 and 2.

Model coefficients

Variable Value Std. Error t value
Intercept -2.31039 0.62912 -3.6724
age 0.612614 0.03928 15.5939
sex -0.482386 0.12613 -3.8244
awt -0.0001977 0.0000269 -7.3550
older 0.388292 0.12881 3.0145
spd 0.0462795 0.012771 -3.6237

The initial model, detailed in Table 16, identifies only the child's age and traffic volume as
being significant at the 5% level, using a one tailed t test. Although significant at the 10%
level, the inclusion of the sex of the child as a variable would unnecessarily increase data
collection for little practical benefit.

The sex of the child was therefore discarded as a variable. Given that the sex of the child had

been discarded, it was difficult to justify the inclusion of the speed term when it was less
significant. The resulting Simplified Local Model containing only two terms was then:
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¢ (~4.6884 4 (0.6073x2ge) - (0.24637 xawt/12000))

Porcus = 1 + o {(-468844(0.6073 xage) - (0.24637 =awt/ 1000))
where age = child’s age
awt = average weekday traffic

A comparison of the model predictions and parent responses, is shown in Figure 15. It can
be seen that the Simplified Loocal Model is a reasonable predictor of the reported crossing
decisions.

The Simplified Local Model provides a direct measure of the likely trip suppression for the
groups in question. At the same time the model may be used as a proxy measure indicating
the significance of the impact on other sensitive users.

Although the development of these models will allow a greater level of investigation to be
undertaken, they are at best simple. The effects of multiple crossings, distance from the
barrier, and possible mitigation measures are not included. Although the effect of traffic speed
was not found to be very significant, all the roads surveyed were in residential areas and the
average traffic speeds ranged from 32 km/h to 58 km/h. The extension of the model to four
lane carriageways and roads with 100 km/h speed limits was not tested.

5.4  Application

The perception of the danger posed by roads and their traffic is a significant barrier for some
road users. Typically, this includes children and the elderly for whom walking is an important
means of transport. Using the question “would you allow your child to cross this road
unaccompanied” it is possible to determine the probability of a child being allowed to cross
the road. This is therefore a measure of the perceived danger for a particular traffic barrier.

From this base it has been possible to develop a community model which may be used to
identify those locations where changes to traffic characteristics are likely to generate concerns
within the community.

When undertaking an assessment of the impacts of a project on the roading network, it is
necessary to identify where significant changes occur. No guidance on what is significant has
been located for the Scandinavian assessment methods. However, in the United Kingdom only
roads on which traffic volumes change by +30% or more are considered. The basis of the
30% threshold is not discussed, and should be questioned since a 30% change at 1500 vehicles
per day is significantly different to a 30% change at 24 000 vehicles per day. Furthermore,
traffic speed and the type of user being considered do not affect the threshold value.

The community model would provide a more rational basis for identifying areas where
severance issues are likely to be significant.

66



Simplified local model comparison of observed and predicted results.

Figure 15.
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In order to remove a “double negative” it is useful to reformulate the community model in
terms of a community concern rating which is a score in the range 1 to 100 such that:

Community Concern Rating = 100 x [1 ~ P’m 1

= 100 x

o (~2-5068 +(0.6039 xage) - (0.1752 xawt/ 1000}~ (0.0568 x epd))
1- ] + @ {(-2:5068+(0.6039x age) - (0.1752 xawt/1000) (0.0568 xspd))

where p'... = probability of a child being allowed to cross the road unaccompanied
as determined by the community model
age = the age of the child (years)
awt = the average weekday traffic (vehicles per day)
spd = the average traffic speed (km/h)

The results of such an assessment for a group with an average of 9 years is given in
Figure 16.

Once the community concern rating has identified problem areas, these may then be
investigated using the localised model which is presented graphically in Figure 17.
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Figure 16.

COMMUNITY CONCERN RATING

(Based on an average age of 9)

Community concern rating.
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Figure 17.

LOCALISED CROSSING MODEL

(for various ages)

Localised model.
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6. DEVELOPMENT OF A NEW ZEALAND EVALUATION FRAMEWORK
6.1 The Definition and Attributes of Social Severance

Social severance is the term used to describe the effects that road traffic has on the social
interaction within the "Community”. It is a complex effect the impact of which is felt in a
number of ways, such as a reduction in walking trips that involve crossing busy roads, loss
of social contact, the use of other less preferred facilities and the relocation of activities. The
following definition of severance seeks to encompass the wide range of impacts:

“Social severance is the divisive effects that result from the provision and use
of transport infrastructure”.

Three key issues relating to the investigation of severance that require recognition are:

. That the communities that people are part of are far broader than those defined
by geographic location and are formed around the activities that they take part
in;

. That the impact on activities within a person’s “community” may be enhanced

or reduced by the provision of and use of transport infrastructure and that some
existing severance may already be present in many situations;

. That severance effects may be described in terms of two main mechanisms:-

- physical severance relating to the direct effect on trips that encounter
a barrier, and
- psychological severance stemming from feelings of being "cut off™.

The burden of severance falls most heavily on those groups of low mobility for whom walking
is the principal form of transport. These groups include children, the elderly and people with
disabilities.

6.2 Qutline

It is the desire of Transit New Zealand that as many impacts as possible be included within
the tangible, Benefit/Cost analysis. It is also important to identify the differential impacts of
a scheme. The three stage approach of Figure 18 is therefore proposed.
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Figure 18.  Proposed evaluation framework.

Impact Assessment

Identification and presentation of issues related to

. who is affected, in
. what way, and to
. what extent?

Project Assessment

The assessment of overall performance in a particular impact
area allow intra-project comparisons between options.

Project Evaluation

Evaluation and monetary valuation of impacts allows impacts to
be aggregated into a single measure and facilitates inter-project
comparisons,

6.3 Impact Assessment

6.3.1 Identification

The approach adopted in the United Kingdom appears most useful for identifying where
physical severance impacts should be considered. It is recommended that key destinations be
identified on a map:

. Schools;

. Shops;

. Libraries;

. Playing fields and parks;

. Youth activity centres;

. Public transport stops (rail and bus stops);

. Shopping centres;

. Medical centres (including pharmacies but excluding hospitals); and
. Churches.

Catchment areas of facilities and concentrations of young children and the elderly should also
be identified. Consultation with the community will identify additional walking patterns as
well as specific concerns about the movement of any particular group, or for any particular

purpose.

The review of this data, together with those roads experiencing significant changes in traffic
volume, will identify those areas where social severance is likely to be a problem. The
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community concern rating developed in Section 5.4 together with any of the techniques or
measures discussed within Section 3 of this report are useful in identifying those areas where
barrier effects may be significant. While some will provide quantification of issues, such as
travel time changes, their use at this stage in the assessment should be limited to
identification.

6.3.2 Assessment :
Each of the barrier assessment procedures discussed has been constructed from measures of:

. Impact; and
. Need.

The current trip pattern in the areas being considered should be established, either through
observation or surveys, and the crossing movements should be classified by user group:

Children - accompanied
- unaccompanied
Adult - 13-65 years

- mobility impaired
- elderly >65 years

The observation of existing travel does not recognise that some severance may already exist.
This may be overcome using a potential need based assessment which is "constrained” to the
observed movements such that:

observed crossings = barrier effect x potential need x adjustment for other conditions

In this system the "change” in crossings or trips may be established from observed movements
and the barrier effect from calculations. The alternative is to use an unconstrained model,
such as the Danish model, which only considers need. This latter approach requires estimates
of trip rates and the distribution of these trips to various destinations. These methods assume
that destinations and to a lesser extent routes are fixed. Given the lesser data requirements,
the observed movement approach is favoured for use in New Zealand, at this time.

6.4  Project Assessment

Ideally the impact assessment should take the form of a continuous function, rather than a
series of categories. This then allows aggregation and overall performance assessment within
the sector. Any number of measures may be "custom built" to assess a particular situation.
It is however important to identify which components of severance are included, or excluded
from any measures used. The advantage of "custom built" measures are that specific
community concems may be seen to be addressed. Such flexibility does not however aliow
inter, nor to a less extent, intra project comparisons. While this could be overcome by
undertaking a study on the willingness to pay (or receive compensation), such an approach
does appear to be fraught with sampling and bias problems.
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It is considered important to separate the components of travel delay and increased travel
distance from the overall barrier assessment. It should be noted that for the "able bodied"
road crossing behaviour is very complex (Hunt and Abduljabbar 1993, Goldschmidt 1977).
It is not appropriate to use models which consider the probability of accepting a gap in the
wraffic sufficient to allow a pedestrian to cross the whole road. In the absence of a New
Zealand alternative the formulations of Figure 19 are proposed.

Figure 19.  Mean pedestrian delay associated with different road crossing situations.
Taken from Goldschmidt (1977).
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Until such time as trip length distributions for different trip purposes are established, the
implicit assumption is that the original destination pattern is fixed. Where specific information
is available to suggest otherwise, the change in trip rates may be calculated.

While the changes in travel tfime and distance are considered to be the principal components
of physical barrier effects for the adult group 13-65, it is not believed to be the case for
unaccompanied children, the elderly, or the mobility disadvantaged. For these groups the
perception of the danger posed by road traffic is the major impact on travel behaviour. The
following model, developed in Section 5, predicts the probability P(cross) of a child being
allowed to cross the road unaccompanied.

e (~4.6884 +(0.6073xagc ) - {0.24537 x gort/ 1000) )

Porous 1 + g (-46884+(0.6073 xage)~(0.24637 xwwt/1000))

where p... = the probability of a child being allowed to cross the road unaccompanied
age = age of the child (or the average age of a group of children)
awt = the average weekday traffic
spd = mean spot speed of the traffic
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Valid for children aged 5 to 9 years crossing residential streets.

It is proposed that this relationship be applied to observed crossing patterns to establish the
potential suppression of trips by unaccompanied children. The elderly and mobility
disadvantaged may also be considered using the same model. Using the above relationship
together with observed number crossing the road, the method allows consideration of existing
severance.

6.5 Project Evaluation

6.5.1 Direct Costs

Project evaluation results in the monetorisation of impacts and the subsequent inclusion of
these within the tangible Benefit/Cost assessment. From the above description, it is clear that
only part of the severance impact has been developed to allow gquantification in this way. For
the effects of increased distance the travel time, costs may be calculated using the data in
Table 17.

Table 17. Data for assessing the cost of pedestrian journeys.
Group Walk Speed Time Cost
Adult 13-65 5 km/h Separate on the basis of the proportions
working and non-working!"
Adult accompany children 3 km/h Valued at work rate!®
Elderly >65 3 km/h Non-work rate!™
Children 5-12 3 km/h Unknown!*

m The proportion of work 1© non-work jourmeys may be esablished globally from the National Houschold Travel Survey (Ministry
of Transport 1990).

a Time spent on domestic duties is valued at the working rate in the Project Evaluation Manual (Transit New Zealand 1995).
& It is assumed that the elderly >65 are non-working.
W Definition of a child is not currently provided in the Project Evaluation Manual,

The PEM is unclear as to whether or not a child has a separate value of time. Where a child's
trip is the subject of a barrier effect the following may occur:

(a) The journey becomes an accompanied trip;
(b) A change of mode results; or
(c) The journey is suppressed.

If the journey becomes an accompanied trip, ie an adult walks with the child, the value should
include the return journey at the adult working rate of $19.80 per hour (Transit New Zealand
1995). In the absence of specific data, the average walk time for a child (5-9) is 10 minutes
taken from the National Household travel survey, (Ministry of Transport 1990). On returning,
the adult walk speed is increased. The resulting cost increase for an accompanied journey is
thus:
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10/60 x $19.8 = $3.30 taking children to a destination
10/60 x 3/5 x $19.8 = $1.98 returning at a higher walk speed

= §5.28

For a child's average walking trip, the distance is approximately 500-800 m (Ministry of
Transport 1990). A change of mode to a car trip may not be realistic for such a short trip.
However for a mean speed of 30 km/h the vehicle cost is $0.29 per km, neglecting the
additional costs associated with speed changes, the increased cost associated with vehicle
running is:

2x0.5km x $0.29 = $0.29

The journey time would be approximately 2 minutes but the time to "load up the car and get
underway" could be of the order of 3 minutes at each end. This would give a total cost of
8 minutes which would amount to a further $2.64 for an adult charged at the value of work
time. The total cost would then be $2.93. It is unlikely that a trip of this distance would be
undertaken by car but the method shows how longer trips may be valued.

Although these calculations are at best approximate, they provide a method to value part of
the severance effect. If it is assumed that children from 10 families were each 10 be
accompanied to and from school each day the increased cost for a walking journey of
10 minutes would be $5.28 per trip. For 200 days per year the discounted value (NPV)’ over
the life of a project would be approximately

(10 families x 2 trips x $5.28 x 200} / 0.1 = §211,200

Given that the impact may be greater than the 10 persons used in this example, and that some
elements have not been valued the inclusion of severance in project evaluation may be
significant. The direct valuation method does not include any allowance for the additional
congestion that may result.

6.5.2 Intangible Assessment

While the project assessment and evaluation stages quantify some severance impacts, the
psychological aspects of severance are not be dealt with. These must remain as intangible
factors. This does not mean that they should be excluded from the analysis and it is possible
to give an indication of the severity of these effects and the numbers of persons affected.
Measures such as perceived danger, pedestrian delay, or changes in trip length may all be used
as indicators to assess the significance of, or to rank or weight, the feelings of being cut off.

For this reason, it is considered acceptable to assess components of severance using similar
methods or measures for both the tangible and intangible evaluations. For example, where
the direct cost of a pedestrian delay is quantified in monetary terms, based on a value of time
and summed for all observed journeys. The same delay measure may be used to rank the

Nett Present Value assuming a discount rate of 10%
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relative feelings of “cut offness” that may be felt by those who do not necessarily make a
particular journey but who value the fact that they may have had the opportunity to do so.
In most cases this is not double counting.

6.6  Outstanding Issues

The proposed method for valuing some components of social severance has been constructed
from a review of a number of systems in an attempt to use the "best parts of each". There
are, however, a number of elements that cannot be included due to incomplete data. These
include:

. Issues of trip rates by purpose;

. Improved valuation by age;

. Trip length distribution issues to define catchments;

. The role of multiple crossing impacts;

. Amenity issues related to the effects of noise and fumes on pedestrians; and
. The effectiveness of possible mitigation measures.

While the method has been proposed, a test of its usefulness is required.
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7. SUMMARY

Social severance is the term used to describe the effects that road traffic has on the social
interaction within the "Community”. The impact has been observed by many researchers and
the existence and significance of severance is well recognised by the public and analysts. In
the analysis of transportation projects the impact has received little attention due to the
complex nature of the impact.

From a review of selected literature the following definition of social severance has been
developed:

"...the divisive effects that result from the provision and use of transport
infrastructure”.

The definition is considered to encompass three issues relating to social severance. Firstly that
the communities that people are part of are far broader than those defined by geographic
location and are formed around the activities that they take part in. Secondly, that the impact
on activities within their community may be enhanced or reduced by the provision of, and use
of, transport infrastructure and that some existing social severance may already be present in
many situations. Thirdly, that social severance effects may be described in terms of two main
mechanisms. Physical severance relates to the direct effect on trips that encounter a barrier
and psychological severance that stems from feelings of being cut off.

Research has shown that the burden of severance impacts falls most heavily on those groups
of low mobility for whom walking is the principal form of transport. These groups include
children, the elderly and people with disabilities.

Although no single measure of social severance has been identified, a number of measures or
indicators have been reported. These tend to target particular aspects of the severance effect.
Measures that assess community cohesion and stability identify the potential for psychological
severance. Measures of accessibility span both psychological severance as they consider the
change in the opportunities available to people and at the same time consider the direct impact
on journeys, which is a part of physical severance. Measures such as delay and perceived
danger consider the impact of specific barriers that cause physical severance. It is important
that in any assessment, the scope of what is included and excluded be identified in order to
reduce concerns over double or under counting.

Physical severance effects are identified as being those most readily evaluated and the key
components are seen as increases in journey costs, which are most likely to impact on "able
bodied" adults, and the effects of perceived danger that will impact on sensitive groups such
as children, the elderly and the mobility disadvantaged.

A pilot study used the question "wouwld you allow your child to cross the road unaccompanied
at this location?" as a means of measuring the perception of danger.

Two models have been formulated using the probability of a child being allowed to cross the

road, unaccompanied, to the characteristic of the road and its traffic. The first of these may
be used to identify areas where there is the potential for significant community concerns to
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develop. The second looks at the social severance effects of specific barriers. This model
includes the significant variables of:

. Traffic flow; and
. The child's age.

The model may be used to investigate the effect changes in traffic volumes have on the
mobility of children and to assess potential social severance effects. A similar model could
be applied to the elderly and adults who are mobility disadvantaged.

From a consideration of the components of social severance, the available measures and a
review of the assessment frameworks developed in Denmark, Sweden and the United Kingdom
a framework of assessing severance suitable for use in New Zealand has been proposed. The
key elements of this framework are the:

. Identification of the potential of social severance through the consideration of
travel patterns and demands;

. Separation and valuation of the direct costs of some severance impacts which
result from increased journey distances and times, together with the suppression
of trips due to perceived danger; and

. The use of proxy measures to assess the remaining intangible components.
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8. RECOMMENDATIONS
A number of issues raised in this study are considered worthy of further investigation:

. A mial of the proposed methodology should be undertaken to assess the usability and
significance of the outcomes.

* Development of a method to include mitigation measures.

. An extension of the relationship to include four lane roads and those with 70 km/h and
100 km/h speed limits.

. A more in-depth analysis of trip length distribution and suppression of pedestrian trips
by age and purpose.

. Further investigation into the assessment of psychological severance factors.
. Further investigation into the use of mental maps as a possible evaluation technique.
. Extension of the current relationship to explicitly cover the elderly and the adult

mobility disadvantaged.
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APPENDIX C ROAD SECTION DATA
SCHOOL Site Roac1 [Road2 [Road3 |[Road 4 |Road5 JRoad6 |[Road7 |RoadB |Roadd |Road 10
Porirua East Scheel [3%HCV 3.82] 9.34 270 442 2.85 7.63 3.47 2.51 4,07 3.69
Speed %iles {kph) .
1% 38,70 30.00 27.06 22.08 33.54 42.85 31.30 38.70 34,95 30.cC
A% 43,37, 39.56 30.25) 27.48 37.89 ag.64 3451 42,35 38,29 330z
0% 46,15 43.90 33.02] 31.30 4137 50.70 35.00, £4.44 40.80 35.64
a0 48.00 46.75 34.93) 34,28 43,92 52,94 37.50] 46.15] 42.85 37.E9
50% 50.00] 49.31 3713 38.73 48.15 54,54/ 38.70; 48.00; 44,44 kR
60% 5217, 51.42 38.70, 38,70 43.84 56.25 40005 49.31 46.75 41 37
70% 54.54 52.54 40,80 41,37 51,42 58.06 41.37 51.42 48.64 43.37
BO0% 57.14 55.38 42 B5 43,90 54,54 61.0% 43.37 53.73 51.42 4555
S0% 61.01 55.01 46.75 48,00 6C.00 64.28 45.56 57.14 54,54 48.6%
100%}  180.00 112,50 70581  120.00 112.50]  189.47 75.00 78.26 128.57 7343
Mean Speed 49.82 47.01 36.75 3578 46.47 53.87 38.59 A7.69 44 67| 3562
Harmonic Mean Speed 46.20 40.56 3431 31.59 42.98 51,37, 37.34 45.75 42.95 37.8L
Average Weekday Traffic 3.137 1.536 627 384 835 8,591 1.085 832 1,378 1.425
AM Paak 235 14 56 33 67| 605 78 88 117 113
PM Peak 338 145 B3 40 B5| 718 111 a4 145 142
Redwood Scheol “%HCV 2.3 7.42 2.81 3.34 9.85 3.67 8.71 13.20 2.52 3.1
Speed %iles (kph)
10%. 2617 2185 38.70 28.12 28.34 2647 28.26 37.88 37.50 AL 4s
20%: 27.27 27.05 42.85 33.64 3750 32.72 40.00; 48,00 44 44 4E 6+
30% 28.03 30,25 45.00 37.50 4244 38.35 44,44 51.42 48.02 B1.4z
40% 30.50 33.02 46,75 40.44 42,88 3870 47.36 53.73 50.70] 54,54
5pt% 32.34 35.64 4862 43.37) 4300 40,80 48.31 55.38 52.94 BE.2%
50% 33.64 37.89 50.70 45.58 4878 43.37 5142 57.14 55.38 58.0
70% for | 40.44 5217 47.365) 4E.84 45.56 53,73 52.01 5B.05 81.07
80% 45,44 43.37 Ba5e 50.00) 51.42 4864 56.25 &1.0% 81.01 8428
90% £2.17 47.385 53.0% 5+.54] 54 54 82.17 58.01 84,28 68.56 67.82
100%F 12857 62.23 15352 102.85 22.30 B7.30 133.33 180.47) 150.00 100.57]
Mean Speed 33.37 3519 4£8.82] 4205 43,27 40.08 4784 53.72] 52,19 82z
Harmonic Mean Speed 32.64 31.30 4617 28,85 3875 35,20 43.B5 50 44 4&7.14 Ex.2y
Average Weekday Tralic 1.267 172 1,750 463 1.281 27 1,451 13.880 15 4
AM Peak 74 18 240 48 143 24 157 1.206 6 103
PM Peak 151 26 187, 65 54 32 162 1.273 3 ot
Cannen Creek Sehao[%HCY 4,05 6.25) 7.82 3.58 8.70 5355 3.65 8.95 2.47 332
Speed %iles (kph}
10% 20.45 21.30 43,00 23.33) k.02 30.00 35.25 36.73 30.28 3562
20%%) 26.8B5 22.35 50T 23 03 373 3461 41.85 42.35) 35.64 3858
0%, 32.43 27.48 52.84 31.89) 3215 37.80 45.00 45,53 38.70 4182
AD% 33.29 29.50 54.54 33.9% 42.80 40.00 48.00 A7.36) 41,37 4380
50%, 37.B9 31.57 55.25] 3z.84 4£2.85 41.88 50,78 48.31 43.37, 4533
H0%] 40.00 33.86 58.08] 37.50 asda 43.37 £2.54 51.42 48.55 47.38
70% 42,35 37.1% 60.00 39.13] 48,15 45,56 55.38 52.54 48.00 4.3t
B80% 45,00 40.90 62.08 41,37 48.00 48.00 568.08 5533 53.70 5142
S0% 48,00 45.55 65 45 4442 51.42 50.7¢ 62.05 59.01 £5.28 5281
100%)| §7.82 g7.28 144 09 64.28 17142 8372 180.47 189.47| 100.00) 132 52
Mean Speed 380 32,70 55.51 33.27 42.83 40.94 49.40 4871 42,99 45 41
Harmonic Mean Speed 3112 28.30 £3.22 3277 44 40 37.87 45.05 46.45 35.73 43.8¢
Average Weekday Tratiic 241 B63 7.693) 578 6,983 1882 1.365) 11,757 922 1.83:
AM Peak 20 B8 578 &0 541 127, 90 BOS kal 228
PM Peak 27 86 632 61 878 198 13 1.046 - 3




